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Denosumab significantly improves bone mineral density
with or without bisphosphonate pre-treatment in osteoporosis
with rheumatoid arthritis
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Abstract
Summary Bone mineral density (BMD) sometimes cannot be
improved by long-term bisphosphonate (BP) therapy in osteo-
porosis (OP) patients with rheumatoid arthritis (RA). This study
showed that BMD significantly increased after denosumab treat-
ment in patients with long-term BP pre-treatment as much as in
treatment-naïve patients. Thus, denosumab can be a strong OP
treatment option for long-term BP pre-treated RA patients.
Introduction The aim of this 24-month retrospective study
was to evaluate differences in outcomes of denosumab with
or without bisphosphonate (BP) pre-treatment in osteoporosis
(OP) patients with rheumatoid arthritis (RA).
Methods Patients were divided into those with (BP group, 26
cases) or without (denosumab group, 26 cases) BP pre-treat-
ment. We measured serum BAP, TRACP-5b, and urinary
NTX at baseline and every 3 months for 24 months. We also
assessed bone mineral density (BMD) of the lumbar 1–4 verte-
brae (L-BMD) and total hip BMD (H-BMD) at baseline and
every 6 months for 24 months. MMP-3, DAS28-CRP, SDAI,
and HAQ-DI were assessed at baseline and 24 months to eval-
uate RA state.
Results In BP group, the percent changes of bone turnover
markers decreased but were consistently higher compared with
those in the denosumab group. There were significant

differences of the percent changes in BAP at 9, 21, and
24 months; TRACP-5b at 9, 18, and 21 months; and urinary
NTX at 3, 9, 12, 15, 18, and 21 months between the groups.
The percent changes of L-BMD and H-BMDwere significantly
increased at 24 months in the BP pre-treated group (11.5 and
13.3%, respectively) and denosumab group (13.0 and 16.5%,
respectively). There was a significant difference of the percent
changes in H-BMD at 6 months between the groups. There was
no significant difference in RA state between the groups.
Conclusions Compared with BP group, denosumab group
displayed significantly increased H-BMD at 6 months, while
L-BMD and H-BMD were significantly increased for
24 months in both groups. Thus, regardless of BP pre-treat-
ment, denosumab could be a good agent in OP with RA.
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Introduction

Osteoporosis (OP) is a major complication of rheumatoid ar-
thritis (RA) [1]. Gauri et al. have reported that approximately
30% RA patients are at increased risk of OP and the impor-
tance of bone mineral density (BMD) measurement to assess
bone loss and fracture prevention [2]. Tada et al. have de-
scribed that (1) the BMD was lower among patients with
RA than non-RA controls and (2) use of bisphosphonate
(BP) was a significant factor contributing to BMD increase,
while use of biologic agents, reducing glucocorticoid (GC)
dose, and control of disease activity were not significant fac-
tors for gain of BMD [3]. OP treatment has recently attracted
attention, and several drugs have been developed. Among
these, BPs, and denosumab, a fully human monoclonal
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antibody against RANKL, are the major OP agents. BP ther-
apy is generally recognized as a first-line treatment of OP
through the inhibition of osteoclast activity [4]. Also,
denosumab strongly abrogates bone resorption, increases
BMD, and prevents fragility fractures [5, 6]. Currently, there
have been a few reports on the efficacy of BP and/or
denosumab in OP with RA patients.

We have previously reported that calcium and vitamin D
addition to denosumab represents an important treatment op-
tion with additive effects on the increase of H-BMD in OPwith
RA for 12 months. During the study period, no fracture or
hypocalcemia occurred. Thus, denosumab plus calcium and
vitamin D supplementation is a good therapeutic agent for OP
patients with RA to improve BMD and bone turnover markers,
and to prevent fractures. However, all of the patients had been
pre-treated with BP prior to denosumab therapy in that study
[7]. We have also previously reported that denosumab is a
strong OP treatment option for BP-unresponsive OP patients
in post-menopausal women [8]. Thus, we hypothesized that
denosumab could improve BMD and prevent fracture in OP
with RA, especially in long-term BP pre-treated cases.

Kinoshita et al. [9] recently compared the efficacies of
denosumab and BPs for preventing secondary OP, and inflam-
mation caused by excessive bone resorption in OP treatment-
naive RA patients. They showed that neither treatment could
suppress inflammation as measured by C-reactive protein
(CRP) and matrix metalloproteinase-3 (MMP-3), RA disease
activity as measured by disease activity score (DAS) 28-CRP
and the simplified disease activity index (SDAI), or physical
functional evaluation of RA as measured by the patient-
reported health assessment questionnaire-disability index
(HAQ-DI). However, denosumab significantly suppressed a
marker of bone metabolism [9]. To date, there has been no
report on the comparative data with or without BP pre-
treatment in OP with RA after denosumab treatment.

The aim of this 24-month retrospective study was to eval-
uate differences in the outcomes with or without BP pre-
treatment in OP patients with RA.

Materials and methods

The inclusion criteria of this 24-month retrospective study
were OP patients with low bilateral total hip BMD (H-
BMD) and/or lumbar 1–4 BMD (L-BMD) (i.e., less than
− 3.0 standard deviation (SD)) with RA. The exclusion criteria
in this study were patients with chronic renal failure (estimat-
ed glomerular filtration rate [eGFR] < 40 ml/min/1.73 m2);
bone metabolic disorders or diabetes mellitus, both of which
affect OP; and fracture within 1 year prior to the study. The
diagnosis of OP was made in accordance with the revised
criteria established by the Japanese Society of Bone and
Mineral Research [10]. The diagnosis and treatment of RA

were conducted in accordance with the 2010 ACR/European
League Against Rheumatism (EULAR) classification system
[11].

Fifty-two Japanese female OP patients having RAwith
low-to-moderate disease activi ty (2.6 < DAS28-
CRP ≤ 5.1) were recruited at our institution between
2015 and 2017 and summarized in Table 1. The patients
were retrospectively classified into the cases with BPs
who had been taking them for 5 years or longer (BP
group ; 26 cases ) o r the t rea tmen t -na ive g roup
(denosumab group; 26 cases) matched on the basis of
age, gender, body mass index (BMI), pre-treated BP pe-
riod, disease duration of RA, and disease activity
(Table 1). Alendronate, risedronate, and minodronate
were adopted in various regimens as long-term BP pre-
treatment. We did not examine the effects of individual
BP drugs since they were routinely changed for patients
exhibiting low responsiveness. In the denosumab group,
all treatments were substituted from BPs to denosumab at
the baseline. BP treatment was ceased prior to study com-
mencement. Mean age was 69.8 ± 1.3 years in the BP pre-
treated group and 70.6 ± 1.9 years in the denosumab
group. Enrolled patients in the BP pre-treated group had
received BP pre-treatment for an average duration of
15.3 ± 2.2 years. The average doses of methotrexate
(MTX) and prednisolone (PSL) in the BP pre-treated
group and denosumab groups were 7.7 ± 0.7 and
7.7 ± 1.0 mg/week and 5.8 ± 0.2 and 6.0 ± 1.0 mg/day,
respectively (Table 1).

All serologic analyses were conducted just prior to
denosumab commencement (baseline) and at 24 months of
treatment using cryogenically stored samples by commercial-
ly available kits in accordance with each manufacturer’s in-
structions, including MMP-3 (Kyowa Pharma Chemicals,
Toyama, Japan). We also examined changes in DAS28-CRP,
SDAI, and HAQ-DI as indicators of RA status for all patients
at the same time points. All data are expressed as the mean ±
standard error (SE).

Each patient received denosumab (60 mg, s.c.) once every
6 months in both groups. We gave vitamin D supplementation
tablets (762.5 mg of precipitated calcium carbonate, 200 IU of
cholecalciferol, 59.2 mg of magnesium carbonate) twice daily
to all of the patients after denosumab administration.

Serum bone alkaline phosphatase (BAP) was measured
as bone formation marker using a chemiluminescent en-
zyme immunoassay. Serum tartrate-resistant acid phos-
phatase (TRACP)-5b and urinary N-terminal telopeptide
o f type I co l l agen (NTX) (Os teomark , Os teox
International, Seattle, WA) were assessed as markers of
bone resorption. TRACP-5b and urinary NTX were mea-
sured using ELISA. Serum levels of whole parathyroid
hormone (PTH 1–84) were evaluated as bone turnover
markers by immunoradiometric assays. Serum levels of
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1,25(OH)2D3 were measured by immunoradiometric as-
says. After overnight fasting and omitting the first morn-
ing samples, serum and urine were collected between 8:30
a.m. and 11:00 a.m.. Serum samples were stored at
− 80 °C until bone turnover marker assessment at the
end of the study. Samples were collected before treatment
administration, at 3, 6, 9, 12, 15, 18, 21, and 24 months
after denosumab treatment.

Bone turnover markers and BMD were determined for
each time point and comparisons were made between the
groups using statistical analysis. BMD was measured
using a dual-energy X-ray absorption fan-beam bone den-
sitometer (Lunar Prodigy; GE Healthcare Bio-Sciences
Corp., Piscataway, NJ, USA) at the L1–4 levels of the
posteroanterior spine and bilateral total hips. H-BMD
was calculated as the average BMD of the right and left

hips. BMD was examined before treatment administration
and at 6, 12, 18, and 24 months. Coefficients of variation
for the lumbar spine and bilateral total hips were 1.0 and
0.6%, respectively [12].

In both groups, the percent changes of markers were deter-
mined at each time point using Bonferroni correction for mul-
tiple comparisons. Marker comparisons between the groups at
each time point were performed byWelch’s t test. On the basis
of an SD of 2–5% and a sample size of 26 women in the BP
group and 26 women in the denosumab group, we calculated
that the study had 80% power to detect at least a 3% difference
in L-BMD values. P values of < 0.05 were considered to be
statistically significant.

This investigation was approved by the Institutional
Ethical Review Board of Shinshu University School of
Medicine no. 2365), Japan, prior to its commencement.

Table 1 Patient characteristics at baseline

Characteristic BP pre-treated (n = 26) Denosumab (n = 26) P value

Age (years) 69.8 ± 1.3 70.6 ± 1.9 P = 0.7605

BMI (kg/m2) 20.8 ± 0.6 20.8 ± 0.6 P = 0.9915

Serum corrected Ca (mg/dl) 9.3 ± 0.1 9.3 ± 0.1 P = 0.9200

Serum Phosphorus (mg/dl) 3.5 ± 0.1 3.4 ± 0.05 P = 0.4939

Serum BAP (μg/l) 12.3 ± 1.0 16.4 ± 1.3 P = 0.017

Serum TRACP-5b (mU/dl) 235.2 ± 17.7 442.3 ± 46.0 P = 0.0002

Urinary NTX 28.0 ± 3.1 59.0 ± 7.0 P = 0.0003

(nmol BCE/mmol/CRE)

Serum whole PTH (pg/ml) 24.5 ± 2.3 24.1 ± 2.1 P = 0.9013

Serum 1,25(OH)2D3 (pg/ml) 46.5 ± 3.2 45.7 ± 3.7 P = 0.8636

During of BP use (years) 15.3 ± 2.2

Methotrexate (mg/week) 7.7 ± 0.7 7.7 ± 1.0 P = 0.9811

Predonisolone (mg/day) 5.8 ± 0.2 6.0 ± 1.0 P = 0.8774

L1–4 BMD (g/cm2) 0.698 ± 0.02 0.701 ± 0.02 P = 0.9445

T score −2.4 ± 0.1 −2.4 ± 0.6 P = 0.9690

Total hip BMD (g/cm2) 0.495 ± 0.02 0.497 ± 0.01 P = 0.9607

T score −2.9 ± 0.1 −2.9 ± 0.2 P = 0.9321

Disease duration of RA

(years) 15.3 ± 2.2 15.5 ± 2.9 P = 0.9692

Biologic DMARDs, n (%) 9 (34.6%) 8 (30.8%)

Infliximab 1 1

Etanercept 3 1

Golimumab 1 1

Abatacept 2 2

Tocilizmab 1 1

Tofacitinib 1 2

DAS28CRP 3.5 ± 0.3 3.8 ± 0.3 P = 0.5050

SDAI 20.1 ± 1.8 21.3 ± 4.2 P = 0.7953

HAQ-DI 0.6 ± 0.1 0.7 ± 0.2 P = 0.5072

MMP3 (IU/mL) 119.8 ± 18.8 126.1 ± 40.4 P = 0.8893

Data are expressed as mean ± standard error
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Written informed consent was obtained from all subjects.
Study methods were carried out in accordance with the
approved guidelines.

Results

Table 1 presents the patient characteristics prior to this study.
Table 2 presents the value changes of key parameters at the
study end point.

Serum-corrected calcium levels

The percent changes of serum calcium were not significant in
either group during the observational period as compared with
pre-treatment levels. There was no significant difference be-
tween the groups (Fig. 1a).

Serum whole PTH and 1,25(OH)2D3

The percent change of serum whole PTH tended to increase at
3 months in both groups, with no significant differences be-
tween them (Fig. 1b).

The percent change of serum 1,25(OH)2D3 increased at
3 months and then gradually decreased in both groups,
with no significant differences between them (Fig. 1c).

Bone turnover markers

Serum BAP, TRACP-5b, and urinary NTX values in the BP
pre-treated were significantly lower (P = 0.017, P = 0.0002, or
P = 0.0003, respectively) than those in the denosumab group
prior to denosumab therapy (Table 1 and Fig. 3). The percent
changes of serum BAP, TRACP-5b, and urinary NTX were
also evaluated (Fig. 2).

Bone formation markers

The percent changes of serum BAP were significantly de-
creased at 3 and 12 months in the BP pre-treated group, and
at 9 to 24 months in the denosumab group, compared with pre-
treatment levels. There were significant differences at 9, 21,
and 24 months between them (Fig. 2a). The changes of serum
BAP values were significantly decreased at 3, 9, 12, 15, and
21 months in the BP pre-treated group and significantly de-
creased at 3, 9, 12, 15, and 18 months in the denosumab group,
compared with pre-treatment levels (Fig. 3a). There were sig-
nificant differences at 0, 3, 6, 12, 15, and 18 months between
them (Fig. 3a).

Bone resorption markers

The percent changes of TRACP-5b were significantly de-
creased at 3, 9, and 15 months in the BP pre-treated group
and 3, 9, 15, 18, and 21 months in the denosumab group,
compared with pre-treatment levels. There were signifi-
cant differences at 9, 18, and 21 months between the
groups (Fig. 2b). The changes of serum TRACP-5b
values were significantly decreased at every time point
in the BP pre-treated group and significantly decreased at
every time point except for 24 months in the denosumab
group, compared with pre-treatment levels (Fig. 3b).
There were significant differences at 0, 3, 6, 9, and
12 months between the groups (Fig. 3b).

The percent changes of urinary NTX were significantly
decreased at 15 months in the BP pre-treated group and
every time point in the denosumab group, compared with
pre-treatment levels. There were significant differences at
3, 9, 12, 15, 18, and 21 months between the groups (Fig.
2c). The changes of urinary NTX values were significant-
ly lower at 3, 9, 12, and 15 months in the BP pre-treated
group, and at every time point except for 24 months in the
denosumab group, compared with pre-treatment levels
(Fig. 3c). There were significant differences at 0 and
12 months between them (Fig. 3c).

Bone mineral density

L-BMD and H-BMD

The percent changes of L-BMD increased steadily during
the study period in the BP pre-treated group (11.5% in-
crease at 24 months) and denosumab group (13.0% in-
crease at 24 months). The percent changes of L-BMD
significantly increased in both groups at every time point
except for at 6 months in the BP pre-treated group, com-
pared with pre-treatment levels. There were also no

Table 2 Value changes at 24 months of treatment

Characteristic BP pre-treated
(n=26)

Denosumab
(n=26)

P value

L1–4 BMD (g/cm2) 0.779 ± 0.04 0.793 ± 0.03 P = 0.7841

T score − 2.1 ± 0.2 − 2.0 ± 0.2 P = 0.6919

Total hip BMD (g/cm2) 0.560 ± 0.02 0.578 ± 0.03 P = 0.6631

T score − 2.5 ± 0.1 − 2.4 ± 0.1 P = 0.4989

DAS28CRP 3.3 ± 0.3 3.2 ± 0.5 P = 0.9626

SDAI 19.4 ± 2.1 19.3 ± 2.3 P = 0.9750

HAQ-DI 0.5 ± 0.1 0.5 ± 0.1 P = 0.9648

MMP3 (IU/mL) 104.1 ± 14.2 102.0 ± 20.4 P = 0.9350

Data are expressed as mean ± standard error
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significant differences between the groups at any time
point (Fig. 4a).

The percent changes of H-BMD also rose steadily
during the observational period in the BP pre-treated
group (13.3% increase at 24 months) and denosumab
group (16.5% increase at 24 months). H-BMD was sig-
nificantly higher in the denosumab group at every time
point and in the BP pre-treated group at 18 and
24 months, compared with pre-treatment levels. There
was a significant difference between the groups at
6 months (P < 0.05) (Fig. 4b).

Indicators of RA state

MMP-3, DAS28-CRP, SDAI, and HAQ-DI

RA state before treatment was matched in both groups
(Table 1). There were no significant differences in the
percent changes of MMP-3, DAS28-CRP, SDAI, or
HAQ-DI between the groups during follow-up (Tables 1
and 2).

No serious adverse events, such as hypocalcemia or
fracture, were noted during the 24-month study period.
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Discussion

We report for the first time comparative data with or without
BP pre-treatment in OP patients with RA after denosumab
therapy for 24 months. Both L-BMD and H-BMD significant-
ly increased for 24 months, while the percent changes of bone
turnover markers were more strongly suppressed in the
denosumab group than those in the BP pre-treated group. No
fracture or hypocalcemia occurred, and denosumab did not
affect the RA state during the treatment period in both groups.
Thus, regardless with or without BP pre-treatment,
denosumab is a good agent to treat OP with RA.

We hypothesized that denosumab could improve BMD and
prevent fracture in OPwith RA, especially in long-term BP pre-
treated cases that had been receiving BPs for 5 years or longer,

since we have previously reported that denosumab improved L-
BMD as well as H-BMD in BP-unresponsive cases who had
been taking BPs for 2 years or longer in primary OP [8].
Moreover, in post-menopausal Japanese OP patients, compared
with denosumab with BP therapy, denosumab without BP ther-
apy more significantly increased the percent changes of L-
BMD, and denosumab also significantly increased BMD in
both groups for 36 months, compared with pre-treatment levels
(Nakamura et al., unpublished data). This study showed that in
the BP pre-treated group, L-BMD and H-BMD increased at
24 months (11.5 or 13.0%, respectively) and in the denosumab
group, L-BMD and H-BMD increased at 24 months (13.3 or
16.5%, respectively), compared with those before treatment.
BMD significantly and approximately equally increased for
24 months in both groups after therapy. In addition, no fracture
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occurred for 24 months during the study period. Thus,
denosumab is a good therapeutic option to improve BMD and
prevent fracture, not only in primary OP but also OP with RA.
Even though there was no significant difference of L-BMD,
there was a significant difference of H-BMD at 6 months be-
tween the groups. These findings suggest that denosumab could
be more useful to improve H-BMD, and thereby preventing
proximal femoral fracture, particularly at early phases of the
treatment in OP with RA.

Patients with RA are more susceptible for bone loss in
comparison to normal age and gender-related subjects. Also,
RA patients taking anti-rheumatic therapy (steroids and
disease-modifying antirheumatic drugs) are at increased risk
of bone loss. All these factors contribute to bone loss indepen-
dent of each other [2]. Bone loss is thought to be mediated via
the RANKL pathway, which is a key player in bone destruc-
tion in RA. RANKL has also been identified as an essential
cytokine for the differentiation, function, formation, activa-
tion, and survival of osteoclasts [13]. Very recently,
Mochizuki et al. reported that denosumab could suppress bone
erosion in RA patients and concluded that it might be effective
for OP and joint destruction in patients with RA [14].

There have been numerous reports that RA patients have
high risk for OP and fracture [15]. Thus, appropriate OP treat-
ment in RA patients is required to reduce fracture risk and
bone loss. In this study, the patients in each group were retro-
spectively matched on the basis of age, gender, BMI, disease
duration of RA and the disease activity, except for the BP pre-
treatment therapy. The patients in the BP pre-treated group
took 7.7 ± 0.7 mg methotrexate (MTX) per week and
5.8 ± 0.2 mg prednisolone (PSL) per day while the patients
in the denosumab group did 7.7 ± 1.0 mg MTX per week and
6.0 ± 1.0 mg PSL per day on average, all of which showed no
significant difference between the groups. In both groups,
state (DAS28-CRP, SDAI, HAQ-DI, and MMP-3) was im-
proved in neither group, which are consistent with the previ-
ous report [9]. These findings suggest that denosumab did not
suppress RA activity in either BP pre-treated or treatment-
naïve OP patients.

The efficacy and safety of denosumab therapy in patients
with GC-induced OP (GIO) have yet to be established.
Ishiguro et al. recently described that BMD was significantly
improved by denosumab therapy in GIO subjects with pulmo-
nary diseases [16], and Sawamura et al. reported that
denosumab significantly ameliorated L-BMD as well as
BMD of the femoral neck at 12 months and bone turnover
markers at 12 months [17]. In their study, no serious adverse
effects occurred in comparisons with patients having post-
menopausal OP [16, 17]. Thus, denosumab represents a good
agent for improving bone metabolism in GIO as well.

The main limitation of this investigation is its small sample
size. A subsequent long-term observational period also will be
needed to clarify if (1) BMD increases continuously by

denosumab and to what extent fractures are prevented and
(2) hypocalcemia or adverse effects will later occur.

Conclusions

This study is the first to demonstrate a direct comparison be-
tween the effects of denosumab in treatment-naïve
(denosumab group) and long-term BP pre-treated (BP group)
OP cases complicated with RA. Compared with BP group,
denosumab group significantly increased H-BMD at 6months
in OP patients with RA, while L-BMD and H-BMD signifi-
cantly increased for 24 months in both groups, compared with
those before treatment. Thus, regardless of BP pre-treatment,
denosumab is a good option to treat OP with RA.

Compliance with ethical standards This investigation was approved
by the Institutional Ethical Review Board of Shinshu University School
of Medicine no. 2365), Japan, prior to its commencement.
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