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Abstract

We examined the efficacy and safety of denosumab as treatment for glucocorticoid-induced osteoporosis (GIOP) patients
complicated with rheumatic diseases, by measuring patients’ lumber bone mineral density (BMD) and bone turnover mark-
ers. A total of 66 consecutive patients for whom denosumab was initiated between July 2013 and August 2016 were enrolled
and evaluated for 12 months. All of the patients were treated with glucocorticoids for underlying rheumatic diseases. The
clinical assessment included measurements of the BMD of the lumbar spine (L2-L4) by a dual-energy X-ray absorptiometry
technique and the bone turnover markers N-terminal telopeptide of type 1 collagen (NTX) in urine, serum intact procollagen
type 1 N-terminal propeptide (P1NP), and bone-specific alkaline phosphatase (BAP) at baseline, 6 months and 12 months
after the start of denosumab treatment. Adverse events (AEs) until 12 months were also analyzed. The mean percent-
age changes in BMD from baseline to 6 and 12 months were significant (2.85% increase, p <0.0001 and 4.40% increase,
p <0.0001, respectively) regardless of the prior anti-osteoporotic drugs treatment (16 no transition from anti-osteoporotic
drugs, 27 transition from bisphosphonate, 23 transition from teriparatide). The decreases in NTX, PINP and BAP at 6 and
12 months were also significant. No serious AEs were noted. A multivariable logistic analysis showed that the prednisolone
dose at baseline was associated with the clinical response to denosumab. In a real-world setting, denosumab was effective
and safe for treating GIOP patients complicated with rheumatic diseases regardless of prior anti-osteoporotic drug treatment.
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Introduction

In the treatment of rheumatic disease, glucocorticoid (GC)
is still a main-stay despite its several unfavorable effects.
Glucocorticoid-induced osteoporosis (GIOP) is an exam-
ple of this, as GIOP leads to an individual’s vulnerabil-
ity to fragility fractures and a potential loss of daily-life
functioning. A fragility fracture may occur in 30-50% of
patients who are treated with GC over a long term; one
report revealed that the vertebral fracture risk increases
to 17-fold with treatment using a prednisolone-equivalent
dose of 10—12 mg for >3 months [1]. It was also reported
that within the first 6 months after GC treatment begins,
a decrease in bone mineral density (BMD) occurs [2]. In
addition to BMD loss, GC treatment has a deleterious
effect on bone quality: even before the BMD loss occurred,
the risk of fracture increased by as much as 75% within the
first 3 months [3]. Moreover, compared to postmenopausal
osteoporosis, the risk of fragility fractures is much higher
at the same BMD values in GIOP [4].

Osteoporosis can be classified into two types: pri-
mary osteoporosis and secondary osteoporosis. Most of
the osteoporosis patients are classified as having primary
osteoporosis, which is observed mainly in postmenopausal
women. Secondary osteoporosis is usually caused by the
administration of a drug such as a steroid, or it is caused
by other diseases such as hyperparathyroidism. The clini-
cal practice guidelines for the treatment of GIOP are dif-
ferent from the guidelines for postmenopausal osteoporo-
sis. Generally, compared to postmenopausal osteoporosis,
the clinical evidence of the efficacy of anti-osteoporotic
drugs with new mechanism is weak due to the heteroge-
neity of disease and the use of concomitant medications
such as immunosuppressive agents. The limited use of
anti-osteoporotic drug also makes it difficult to conduct a
large randomized trial.

Denosumab is a monoclonal antibody for receptor acti-
vator for nuclear factor kappa-B ligand (RANKL). Deno-
sumab prevents the binding of RANKL and its receptor
RANK, resulting in a suppression of the differentiation
of precursor cells into mature osteoclasts and decreases
in the function and survival of activated osteoclasts. Sev-
eral randomized controlled trials (RCTs) have been con-
ducted to evaluate denosumab in patients with primary
osteoporosis, and these RCTs have confirmed the efficacy
of denosumab for increasing bone density and reducing
the rate of fractures [5—7]. However, regarding the use of
denosumab for treating GIOP, there has been few RCT
(for the above-mentioned reasons), and little information
is available from clinical cases. Considering the frequency
of fractures caused by GIOP and the influence of GIOP on
patients’ activities of daily living (ADLs) after a fracture,

it is necessary to determine the effectiveness and safety
of denosumab for treating GIOP. Here, we evaluated the
efficacy and safety of denosumab in patients under GC
treatment.

Materials and methods
Patients

We retrospectively analyzed all patients with rheumatic
disease who were registered and followed by the Depart-
ment of Immunology and Rheumatology, Nagasaki Uni-
versity Graduate School of Biomedical Sciences, Sasebo
Chuo Hospital treated with denosumab for GIOP. A total
of 66 consecutive patients for whom denosumab was ini-
tiated between July 2013 and August 2016 were enrolled
and evaluated for > 1 y year. None of the patients had
dropped out from denosumab treatment at 1 year. All
patients were receiving prednisolone (PSL) (2-20 mg). All
patients were classified as being in an anti-osteoporotic
treatment-required category based on the Japanese Society
for Bone and Mineral Research (JSBMR) guidelines for
GIOP [8].

The patients gave their informed consent to be subjected
to the protocol, which was approved by the Institutional
Review Board of Nagasaki University (IRB Approval No.:
17041715) and Sasebo Chuo Hospital (IRB Approval No.:
2018-01). The demographic data recorded at the initia-
tion of denosumab treatment included age, sex, duration
of steroid therapy, and previous treatment for osteoporosis.
All patients received 60 mg of denosumab subcutaneously
every 6 months. All patients received daily supplemen-
tal vitamin D and calcium (n=15) or active vitamin D
(n=51).

Clinical assessment including bone mineral density
measurement

Effectiveness of denosumab was assessed by measure of
BMD. The BMD of the lumbar spine (L2-L4) of all patients
was measured by a dual-energy X-ray absorptiometry (DXA)
technique using a Discovery™ Wi QDR densitometer (Hol-
ogic, Bedford, MA, USA) or a Lunar PRODIGY densitom-
eter (GE Healthcare, Buckinghamshire, UK) at baseline,
6 months, and 12 months. Radiographs of the thoracic and
lumbar spine were taken for the detection of pre-existing
vertebral fractures and new fractures at the same time as
a BMD measurement. Vertebral fractures were evaluated
using semiquantitative method [9]. Adverse events (AEs)
until 12 months were analyzed.
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Assessment of bone turnover markers

We also evaluated bone turnover markers in almost half of
the enrolled patients. The N-terminal telopeptide of type
1 collagen (NTX) in urine was determined as a marker of
bone resorption. The NTX in urine is expressed as a ratio to
urinary creatinine concentration. As bone formation mark-
ers, we determined the intact procollagen type 1 N-terminal
propeptide (P1NP) and bone-specific alkaline phosphatase
(BAP) levels in serum, at baseline, 6 months and 12 months.

Statistical analysis

GraphPad prism software (GraphPad Software, San Diego,
CA) and JMP Statistical Software (SAS Institute, Cary, NC)
were used for the statistical analysis. Normal distribution
of the data was confirmed using the Kolmogorov—Smirnov
test. The distribution of baseline variables between patient
subgroups was examined by analysis of variance (ANOVA)
with Tukey’s multiple-comparisons test (parametric data),
Steel-Dwass test with Dunn’s multiple-comparisons test
(non-parametric data) and Chi-square test (non-parametric
data). The Wilcoxon signed rank test was used to detect sig-
nificant differences in changes of BMD and bone turnover
markers. For the cases of missing data, we used the complete
case analysis method. An ANOVA with Tukey’s multiple-
comparisons test was used to estimate changes of BMD
between patient subgroups. Univariate and multivariable
ordinal logistic regression analyses were used to determine
the predictive factor of clinical responses. Variables with
p values <0.2 in the univariate logistic regression analyses
were entered in the multivariate logistic regression analysis.
All data are expressed as the mean and standard deviation
(SD). A p value <0.05 was considered significant.

Results
Baseline characteristics

The study population was 66 patients. Their baseline demo-
graphic characteristics are illustrated in Table 1. The mean
age of the patients was 63.4 +12.8 years, and the major-
ity of the patients were female (84.9%). The mean dose of
prednisolone was 5.92 +3.79 mg/day with a mean duration
of 11.6+8.5 years. Radiographs of the thoracic and lum-
bar spine at baseline showed the presence of vertebral frac-
tures in 21 patients (31.8%). The underlying diseases of the
patients leading to prednisolone use were: rheumatoid arthri-
tis (37.9%), systemic lupus erythematosus (19.7%), der-
matomyositis/polymyositis (3.0%), Behget disease (4.6%),
polymyalgia rheumatica (4.6%), overlap syndrome (12.1%)
and others (18.1%, e.g., vasculitis). Twenty-three patients
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(34.9%) had been treated with daily teriparatide prior to
denosumab, and 27 patients (40.9%) had been treated with
bisphosphonate (BP) prior to denosumab. In the other 16
patients, there was no transition from an anti-osteoporotic
drug to denosumab, but two of these 16 patients had a his-
tory of BP intake (for 1 month and 6 months). The decision
to change each treatment was made based on a consensus
between the patients and physicians. The most common rea-
son for transition from daily teriparatide treatment was the
duration of teriparatide treatment (all patients were treated
with daily teriparatide, not weekly teriparatide, and the dura-
tion of daily teriparatide treatment approved in Japan is up
to 2 years). Regarding the transition from BP treatment, one
patient changed treatment because of nausea and one patient
changed for preventive effect against the bone destruction of
rheumatoid arthritis. The reason for the transition from BP
in the other 25 patients was the diminished efficacy of the
BP treatment, e.g., a decrease in BMD.

At 52 weeks from baseline, all of the patients were contin-
uing their denosumab treatment. The results of our compari-
son of the baseline characteristics of the patient subgroups
divided by prior anti-osteoporotic drug are summarized in
Table 1. Reflecting their prior treatment, the BMD values
were significantly high at the transition to denosumab in
the teriparatide-treated group compared to the other groups.
However, there were no significant differences among the
subgroups in other baseline variables including the mean
dose of PSL.

Overall efficacy of denosumab treatment

The changes in the BMD of lumbar spine are illustrated in
Fig. 1a. The mean percentage changes in the BMD of the
lumbar spine from baseline to 6 and 12 months were sig-
nificant (2.85% increase, p <0.0001 and 4.40% increase,
p <0.0001, respectively). The proportions of BMD gains
at 12 months are shown in Fig. 1b. Gains higher than 3%
(putative least significant change [10-12]) were observed in
68.2% of the patients. Few patients showed decreased BMD
at 12 months after the initiation of denosumab (16.67%).

Bone turnover markers

In approx. one-half of the enrolled patients, we analyzed
bone turnover markers during the denosumab treatment. As
shown in Fig. 2, all bone turnover markers determined in this
study were rapidly decreased at 6 months from baseline, fol-
lowed by a slow decrease or increase at 12 months compared
to the 6-month values. The median value of serum BAP in
35 patients was 12.5 WL at baseline, 8.5 w/L at 6 months
and 8.6 WL at 12 months. The median value of urinary
NTX in 31 patients was 23.9 nmolBCE/mmolCer at baseline,
17.95 nmolBCE/mmolCr at 6 months and 15.9 nmolBCE/
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Table 1 Clinical characteristics of the study population

Total (n=66)

No transition (n=16) Transition from

Transition from teri-

bisphosphonate paratide (n=23)
(n=27)

Female, n (%) 56 (84.9) 14 (87.5) 23 (85.2) 19 (82.6)
Age (years) 63.4+12.8 61.8+13.6 66.0+12.6 61.5+12.6
Body weight (kg) 49.8+10.9 49.1+9.0 49.7+13.1 50.3+9.5
Presence of vertebral fractures, n (%) 21 (31.8) 3(18.8) 11 (40.7) 7(30.4)
Underlying disease, n (%)

RA 25 (37.9) 8 (50.0) 10 (37.3) 7(30.4)

SLE 13 (19.7) 3(18.8) 3(11.1) 7 (30.4)

DM/PM 2 (3.0 0 13.7) 1(4.4)

Behget disease 3(4.6) 0 2(7.4) 1(4.4)

PMR 3 (4.6) 2(12.5) 13.7) 0

Overlap syndrome * 8 (12.1) 2(12.5) 1@3.7) 5@21.7)

Others 12 (18.1) 1(6.2) 9 (33.3) 2(8.7)
Duration of disease (year) 153+104 15.2+12.7 12.5+9.3 18.6+9.3
Duration of prednisolone intake before deno- 11.6+8.5 8.59+7.89 10.1£8.1 159+79

sumab (year)
Dose of prednisolone at initiation of denosumab 5.92+3.79 5.97+3.98 5.98+4.24 58+3.2

(mg)
Concomitant use with immunosuppressive 41 (62.1) (19 MTX, 14 8 (50.0) 19 (70.4) 13 (56.5)

agent, n (%) TAC, 8 CyA, 1 MZR,

1 AZP)

Previous use of bisphosphonate, n (%) 52 (78.8) 2(12.5) 27 (100) 23 (100)
Duration of use (year) 5.37+£3.15 0.29+0.30 5.5+3.6 5.6+2.3
Duration of teriparatide use (month) 24.0+0 24.0+0
BMD of lumbar spine (g/cm?) 0.775+0.195 0.698 +0.136° 0.723+0.178° 0.891+£0.202
T score —-2.25+1.64 —-2.90+1.26% —2.76+1.50° —-1.20+1.55
Serum PINP(ug/ml), (median [IQR]) 26.0 [19.25-49.5] 24.75[18.48-30.98] 23.60 [15.70-30.60] 44.40 [20.80-69.20]

Serum BAP (w1), (median [IQR])

12.5[9.6-17.8]

10.60 [9.80-13.18]

9.80 [8.60-17.45]

15.30 [11.80-19.35]

Urinary NTX (nmolBCE/mmolcr), (median
[IQR])

23.9[13.7-51.9]

14.95 [9.25-34.70] 18.60 [13.68—40.85] 37.00 [17.0-70.00]

Data are mean + standard deviation (SD) unless otherwise indicated

RA rheumatoid arthritis, SLE systemic lupus erythematosus, DM/PM dermatomyositis/polymyositis, SSc systemic sclerosis, SS Sjogren’s syn-
drome, MTX methotrexate, TAC tacrolimus, CyA cyclosporine A, MZR mizoribine, AZP azathioprine, BMD bone mineral density, P/NP procol-
lagen type 1 N-terminal propeptide, BAP bone-specific alkaline phosphatase, NTX N-terminal telopeptide of type 1 collagen, /QR interquartile

range

*Qverlap syndrome; 6 RA patients were complicated with other connective tissue diseases, SSc:1, SS:3, PM/DM:1. 2 SLE patients were compli-

cated with other connective tissue diseases, Dermatomyositis: 1, SS:1

a*bSigniﬁcantly different from the transition from teriparatide group at p <0.05 (Dunn’s multiple comparisons test)

mmolCr at 12 months. The median value of serum PINP in
32 patients was 26.0 ug/L at baseline, 14.0 pug/L at 6 months
and 12.7 pg/L at 12 months.

Safety and adverse events

Ten patients (15.2%) experienced one or two AEs within
12 months of the start of denosumab treatment. All AEs
are reported in Table 2. As expected, the most common AE
was infection (29.2%), especially upper respiratory infection
and herpes zoster. Four of the five patients who experienced

infections were being treated concomitantly with an immu-
nosuppressive agent. No patients discontinued denosumab
due to AEs. No hypocalcemia or osteonecrosis of the jaw
was observed during the study period.

Fracture incidence
No new vertebral fracture detected by radiographs occurred
during the study period. However, two fragility fractures of

the pelvic ring occurred. In the two patients who experienced
this type of fragility fracture, there were great increases in
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Fig. 1 a Percent changes in
BMD at the lumbar spine for
the 12-month study period.
Points and bars represent
means and standard deviations,
respectively. *p <0.0001 versus
baseline by the Wilcoxon signed
rank test. b The proportion

of subjects by BMD response
category based on the BMD
percent change from baseline to
12 months at the lumbar spine.
BMD bone mineral density

—_
Y
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Lumbar spine

Large gain
(>6%)
Small gain
(>0-3%)

Moderate gain
(>3-6%)
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BMD Percent Change From Baseline
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Fig.2 Value changes of serum
BAP (a), serum PINP (b),

and urinary NTX (c) for the
12-month study period. Points
and bars represent median and
IQR, respectively. *p <0.05
versus baseline by the Wil-
coxon signed rank test. BAP
bone-specific alkaline phos-
phatase, PINP procollagen type

Serum BAP

12

Serum P1INP

o

1 N-terminal propeptide, NTX
N-terminal telopeptide of type
1 collagen, IQR interquartile
range

—_
(3

-

BMD at 12 months (7.57% and 9.88% increases, respec-
tively), but these patients’ baseline BMD values were sig-
nificantly low (0.555 g/cm® and 0.567 g/cm?, respectively).

A comparison of the efficacy of denosumab based
on prior treatment/no treatment for osteoporosis

Previous phase 3 study showed that the order in which deno-
sumab is used affected the efficacy of denosumab [13]. We,
therefore, next analyzed the relation between the efficacy
of denosumab and prior treatment for osteoporosis. In the
present study, the patients who transitioned from BPs to
denosumab (n=27, 40.9%) showed a further increase in
BMD (4.71% increase, 0.73 +0.18 g/cm? to 0.76 +0.19 g/
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cm?, p<0.001) compared to the patients who transitioned
from teriparatide to denosumab (n=23, 34.9%) (3.71%
increase, 0.89 +0.20 g/cm® to 0.92+0.21 g/cm?, p <0.001)
at 12 months. However, the difference between the two
groups was not significant. The changes in BMD in the
patients who did not transit from an anti-osteoporotic drug
to denosumab (n=16, 24.2%) also showed no significant
difference compared to the other two groups (Fig. 3).

Factors influencing the BMD of patients treated
with denosumab

To assess factors that might influence BMD changes when
denosumab is administered, we conducted univariate and
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Table 2 Adverse events

Number
of events
Infection
Herpes zoster 2
Pneumonia
Upper respiratory infection 2
Gastrointestinal disorder
Acute gastritis 1
Gastric ulcer 1
Musculoskeletal disorder
Fragility fracture 2
Neoplasm
Colon cancer 2

multivariate analyses. The factors that were shown to influ-
ence BMD changes throughout the study period by the uni-
variate logistic analysis are shown in Table 3. The univariate
analysis indicated that the dose/duration of PSL and body
weight were associated with a BMD increase of > 3% at

12 months. Among these candidate factors, the multivari-
able logistic analysis showed that the dose of PSL and body
weight were associated with the clinical response to deno-
sumab (Table 3).

Discussion

We evaluated the efficacy of denosumab for GIOP in a “real-
world” setting, and our analyses revealed that the patients’
BMD was increased at 12 months of denosumab treatment
regardless of prior treatment. The percent change of lumbar
spine BMD in our study was 4.4%, an improvement rate
was similar to the other trials. In a large phase 3 trial called
FREEDOM which evaluated the efficacy of denosumab in
postmenopausal women, the percent change of BMD of the
lumbar spine at 36 months was > 3% in over 90% of the
denosumab-treated patients [10]. Two other phase 3 trials
demonstrated a 5.7% increase in the lumbar spine BMD at
12 months and a 5.6% increase in the lumbar spine BMD
at 24 months, respectively [14, 15]. Regarding GIOP, one
large RCT which compared the efficacy of denosumab and

Fig.3 Percent changes in BMD 2 (a) Lumbar spine e (b) Lumbar spine
at the lumbar spine between s 6 months 3 12 months
baseline and 6 months (a) and @ 8+ & 104
12 months (b). Values are m n.s. o s
means + standard deviations. No g 64 T e e ! g : e 1
significance was detected by the s r = 1T = 1 e 1T = 1
ANOVA with Tukey’s multiple 2 e —I—
comparisons between patient S 41 s
subgroups. BMD bone mineral £ | | £ [
. . o o
density, ANOVA analysis of £ 5 €
variance 3 e
1 o
[ [
o o . r o : .
(=] - " (=] i -
= non- Transition Transition = non- Transition Transition
o Switching  from from BPs o Switching  from from BPs
teriparatide teriparatide
Table 3 Multivariate regression model to estimate the factors associated the change of BMD (> 3%) during denosumab treatment
Variables Univariate model Multivariable model
OR (95% CI) p value OR (95% CI) p value
Body weight (per 1-kg increase) 0.958 (0.913-1121.006) 0.09 0.936 (0.88-0.99) 0.027*
BMD (per 1 g/cm2 increase) 0.340 (0.024-4.744) 0.42
Dose of PSL (per 1-mg increase) 1.213 (0.995-1.479) 0.056 1.321 (1.026-1.700) 0.031*
Duration of PSL use (per 1-year increase) 1.055 (0.986-1.129) 0.12 1.052 (0.973-1.137) 0.21
Transition from BPs (yes/no) 0.733 (0.258-2.082) 0.56
Transition from teriparatide (yes/no) 0.103 (0.370-3.293) 0.86
No transition from anti-osteoporotic drugs (yes/no) 1.164 (0.350-3.871) 0.81
Rheumatoid arthritis (yes/no) 0.963 (0.341-2.716) 0.94
Concomitant use with immunosuppressive agent (yes/no) 1.818 (0.632-5.233) 0.27

OR odds ratio, 95% CI 95% confidence interval, BMD bone mineral density, PSL prednisolone, BP bisphosphonates, *p < 0.05
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risedronate in 795 GIOP patients reported that denosumab
was superior to risedronate at 12 months for the effect on
BMD at lumbar spine, and 4.4% increase was shown in
BMD [16]. Unlike primary osteoporosis, there is only one
large RCT for the evaluation of the efficacy of denosumab
treatment of GIOP, but several observational studies and
small RCTs are available. In one of those investigations,
the 42 patients who were receiving long-term prednisolone
and oral BPs were randomized to either continue oral BPs
or switch to denosumab and the efficacy of each treatment
was determined [17]. In the denosumab group (n=21), the
lumbar spine BMD had increased by 3.4% at 12 months. An
observational study evaluating the efficacy of denosumab
for GIOP showed that the BMD of the lumbar spine had
increased by 3.2% at 12 months [18]. Taken together, the
past and present findings indicate that the effect of deno-
sumab on the BMD of patients with GIOP seems almost
equal to that observed in primary osteoporosis patients, at
least in the initial months after initiation of denosumab.
Regarding long-term efficacy, several studies investigating
the long-term efficacy of denosumab in primary osteoporosis
patients revealed continuous increases in BMD [19, 20]. In
contrast, the long-term efficacy of denosumab for treating
GIOP remains unclear, and further studies are, therefore,
necessary to determine whether denosumab’s long-term
efficacy in GIOP cases shows the same tendency as that
observed in primary osteoporosis.

Bone turnover markers reflect the status of bone remod-
eling, the bone resorption phase, or the bone formation
phase. In this study, we measured PINP and BAP in serum
as bone formation markers and NTX in urine as a bone
resorption marker. GIOP is regarded as low bone turnover
caused by multiple mechanisms such as an inhibition of
sex steroid hormones, an inhibition of the gastrointestinal
absorption as well as renal reabsorption of calcium, and
an inhibition of bone formation by a suppression of osteo-
blasts and enhancement of osteoclastogenesis through an
osteoprotegerin(OPG)-RANKL production imbalance. In
contrast, postmenopausal osteoporosis is regarded as high
bone turnover. In our present study, denosumab treatment
resulted in reduced bone turnover markers after 6 months
in GIOP, and this result is similar to that reported in post-
menopausal osteoporosis [21, 22]. Moreover, regardless of
prior treatment (in all three subgroups in this study), the
bone turnover markers showed a tendency to be decreased
(e.g., the median serum P1NP values at baseline, 6 months,
and 12 months were 24.8 pg/L, 12.3 pg/L, and 9.2 pg/L in no
transition group (n=6); 23.6 ug/L, 19.8 ug/L, and 16.1 ng/L
in the transition from BPs group (n=10); and 44.4 ug/L,
13.6 ug/L, and 12.9 ug/L in the transition from teriparatide
group (n=16). Other data are available upon request from
the corresponding author). In the DEFEND [23], FREE-
DOM [20], and DIRECT [7] randomized controlled trials,
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markers of bone resorption were rapidly reduced by den-
osumab in the early phase (1 month), whereas the reduc-
tion of bone formation markers was more gradual with an
increase in BMD, even at 1 month. Although we did not
examine the changes of bone turnover markers in the early
phase after the introduction of denosumab, it can be specu-
lated that denosumab could modify the bone metabolism
to bone formation in the early phase regardless of the prior
status of bone metabolism or the prior therapeutic regime,
and thus denosumab might be effective for treating patients
with various states of bone metabolism, as we observed in
the present study.

We compared the effect of denosumab by perform-
ing a sub-analysis of the patients’ prior treatment, and we
observed that after the transition from teriparatide, the lum-
bar BMD showed a continuous increase. This result was
consistent with the result from previous large study “DATA-
SWITCH?” trial [13]. Postmenopausal women with osteo-
porosis in which subjects were randomized to receive teri-
paratide, denosumab, or both drugs for 24 months, and then
the subjects originally randomized to teriparatide received
24-months of denosumab, whereas subjects originally rand-
omized to denosumab received 24-months of teriparatide. In
the teriparatide—denosumab group, the lumbar BMD showed
a continuous increase by 8.6 +5.0% after the transition, and
this post-transition BMD increase was greater compared to
that in the denosumab—teriparatide group. Our present study
is the first to show that the clinical significance of transi-
tioning from teriparatide to denosumab in GIOP, and we
plan to investigate which strategy (denosumab—teriparatide
or teriparatide—denosumab) is more effective in GIOP in a
future study.

Regarding the transition from BPs, although the differ-
ence was not significant, we observed that the increase in
BMD after transition was better compared with teripara-
tide—denosumab group. Although there is still controver-
sial, long-term treatment with BPs might slightly increase
the risk of osteonecrosis of the jaw and atypical fractures
[24, 25]. Considering this and the reduction in efficacy over
3-5 years of BP treatment, a transition to denosumab should
be considered in patients who have been under long-term
BP treatment [26]. To investigate the optimal use of deno-
sumab in GIOP, we analyzed various factors associated with
the response to denosumab, and the multivariate analysis
revealed that the dose of prednisolone was associated with
the clinical response to denosumab. This response might
be associated with RANKL expression, as glucocorticoids
enhance RANKL expression [27], and thus the inhibition
of RANKL might be more effective when there is an excess
of RANKL induced by excess glucocorticoid. This sug-
gests that denosumab should be used for the treatment of
GIOP when the patient is being treated with a high dose of
glucocorticoid. However, the patient series in the present
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study was small and this was not an RCT; this hypothesis
must be tested in a larger study. New guidelines for the pre-
vention and treatment of GIOP were recently published by
the American College of Rheumatology (ACR) [28]. The
guidelines still describe oral BPs as a preferred treatment
for GIOP, and they note that denosumab can be used as an
alternative treatment if oral BPs are not appropriate. The
reason for this positioning of denosumab in the guidelines
is based on the lack of safety data in people treated with
immunosuppressive agents. In the present study, most of
the patients were treated with additional immunosuppres-
sive agent besides PSL; however, no serious AEs occurred.
For a determination of optimal use of denosumab in GIOP,
more clinical observational studies like this study and RCTs
are needed.

AEs occurred in 15.2% of our patients. In the RCT of
postmenopausal women, the incidence of skin infection
(cellulitis and erysipelas of the skin) was higher in the
treated group compared to the placebo group [6]. No skin
infections developed in our present patients during study
period, but several other infections occurred. It is difficult to
assess whether these infections were caused by denosumab,
because the concomitant use of PSL or immunosuppressive
agent could attribute to these AEs. Nevertheless, these infec-
tions were not serious, and all patients recovered without
hospitalization; our findings, thus, indicate that the treat-
ment of GIOP with denosumab was relatively safe. A recent
meta-analysis of denosumab treatment also showed that the
relative risk of infectious serious AEs was not significantly
different from that of placebo treatment [29]. Moreover,
atypical fracture, osteonecrosis of the jaw, and severe symp-
tomatic hypocalcemia did not develop in the present patient
series.

Several limitations of this study must be mentioned.
The number of patients was small and the long-term effi-
cacy and safety of denosumab were not explored; in par-
ticular, the observation period was too short to assess the
efficacy of denosumab for reducing fragility fractures. We
could not analyze the effect of denosumab on non-vertebral
bone because the BMD at the femoral neck was measured
in only some of the patients. The effects of anti-osteoporo-
tic drugs against cancellous bone and cortical bone differ.
Although several RCTs which examined the effects of deno-
sumab treatment in postmenopausal women showed similar
effects on the BMD at the lumbar spine and that at the femo-
ral neck [5, 20], we should investigate the efficacy of deno-
sumab in the BMD at the femoral neck of GIOP patients in
the near future. Moreover, the statistical reliability of the
multivariate analysis that we performed in this study is not
very strong, because of the small patient numbers and the
use of data from three different subgroups. Finally, this study
was not a randomized controlled trial conducted to com-
pare the effects between denosumab and other conventional

anti-osteoporotic agents. However, our findings are valuable
because this was the first study to compare the efficacy of
denosumab in GIOP by prior anti-osteoporotic treatment.

Conclusion

In conclusion, our results demonstrate that denosumab
increased the BMD of GIOP patients in a real-world set-
ting. Even in the patients with previous BP or teriparatide
treatment, denosumab treatment resulted in a continuous
increase of BMD after the transition from those anti-osteo-
porotic drugs. Despite the concomitant use of prednisolone
and immunosuppressive agents, no serious AEs occurred
for 12 months. Although the long-term effect on the preven-
tion of vertebral fractures was not elucidated in this study,
we should consider denosumab as one of the therapeutic
options for GIOP patients, especially when the efficacy of
BP treatment is diminished or when teriparatide treatment
is being discontinued.
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