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Abstract
Summary In biologic-naïve female RA patients, switching oral BPs to DMAb significantly reduced radiographic joint destruc-
tion compared to continuing oral BPs or switching to TPTD at 12 months, which were significantly associated with a decrease of
a bone resorption marker at 6 months.
Introduction The aim of this study was to clarify the effects of switching oral bisphosphonates (BPs) to denosumab (DMAb) or daily
teriparatide (TPTD) on the progression of radiographic joint destruction in patients with biologic-naïve rheumatoid arthritis (RA).
Methods A retrospective, case-controlled study involving 90 female RA patients (mean age 68.2 years, 96.7% postmenopausal,
disease activity score assessing 28 joints with CRP (DAS28-CRP) 2.4, methotrexate treatment 81.1%, prednisolone treatment
68.9%, and prior BP treatment 44.8 months), who were allocated depending on each patient’s and physician’s wishes, to (1) the
BP-continue group (n = 30), (2) the switch-to-DMAb group (n = 30), or (3) the switch-to-TPTD group (n = 30), was conducted.
Patients were retrospectively selected to minimize the difference of possible clinical backgrounds that may affect the joint
destruction of RA. The primary endpoint was to clarify the change of the modified total Sharp score (mTSS) from baseline to
12 months.
Results After 12 months, the mean changes of the modified Sharp erosion score were significantly lower in the switch-to-DMAb
group (0.2 ± 0.1; mean ± standard error) than in the switch-to-TPTD group (1.3 ± 0.5; P < 0.05), and mTSS was significantly
lower in the switch-to-DMAb group (0.3 ± 0.2) than in the BP-continue group (1.0 ± 0.3; P< 0.05) and the switch-to-TPTD
group (1.7 ± 0.6; P < 0.05). The logistic regression analysis showed that mTSS changes were significantly associated with the
percent changes of TRACP-5b at 6 months (β = 0.30, 95% CI = 0.002–0.016; P < 0.01).
Conclusions Changes of systemic bone turnover induced by switching BPs to DMAb or TPTD may affect not only systemic
bone mass, but also local joint destruction, and its clinical relevance should be considered comprehensively.
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Introduction

Rheumatoid arthritis (RA) is characterized by systemic in-
flammation, which is associated with increased osteoclast

activity leading to bone erosion and joint destruction [1, 2].
Proinflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-α), interleukin (IL)-1, IL-6, and IL-17, are strong-
ly involved in receptor activator of nuclear factor kappa B
(RANK) ligand (RANKL) induction, which is essential for
osteoclast differentiation and activation [3]. Moreover, previ-
ous reports demonstrated that increased bone turnover [4, 5]
and low bone mineral density (BMD) [6] are associated with
future radiographic joint destruction in RA, suggesting the
significance of inhibiting bone turnover and obtaining high
BMD to protect against joint destruction.

Bisphosphonates (BPs), which induce apoptosis of osteo-
clasts by inhibiting farnesyl diphosphate synthase, play
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pivotal roles in the treatment of both primary and secondary
osteoporosis [7]. However, the efficacy of switching BPs to
denosumab (DMAb), an anti-RANKL antibody that strongly
inhibits bone resorption [8], or daily teriparatide (TPTD), a
bone anabolic agent that strongly induces bone formation
[9], has been reported in primary osteoporosis. In addition,
we have recently reported that switching BPs to DMAb
significantly inhibited bone turnover [10], and Takeuchi
et al. demonstrated that DMAb inhibited progression of the
bone erosion of RA [11]. On the other hand, switching BPs to
daily TPTD induced overshoot of the bone turnover of RA
[10, 12].

Taken together, we hypothesized that the change of
bone turnover induced by these osteoporosis agents may
have some effects on the progression of joint destruction
(especially on bone erosion) in RA. The aim of this ret-
rospective, case-controlled study was to clarify the effects
of switching BPs to DMAb or TPTD on radiographic
joint destruction in biologic-naïve female patients with
RA.

Materials and methods

Study design and subjects

This 12-month retrospective, case-controlled study was con-
ducted based on a two-center, open-label design. A total of 155
biologic-naïve female (96.7% postmenopausal) patients with
RA, who were treated with an oral BP according to the
Japanese guidelines for prevention and treatment of osteopo-
rosis 2011 [13] or the guidelines on the management and
treatment of glucocorticoid-induced osteoporosis of the
Japanese Society for Bone and Mineral Research 2004 [14],
were enrolled. RA was diagnosed based on the 1987 revised
American College of Rheumatology (ACR) criteria [15].
Registered patients were allocated based on each physician’s
discretion and patients’ preference to the BBP-continue^ group
(n = 63), the Bswitch-to-DMAb^ group (n = 61), or the
Bswitch-to-TPTD^ group (n = 31). Calcium (50–610 mg/day)
and vitamin D (0.25–10 μg/day) supplements were provided,
and dosing was adjusted by the attending physician. Patients
who completed 12 months of osteoporosis treatment without
biologic disease-modifying antirheumatic drugs (bDMARDs)
of the three groups were matched with the following parame-
ters, including baseline age, disease duration, rheumatoid fac-
tor (RF) and anticyclic citrullinated peptide antibody (ACPA)
positivity, serum levels of bone turnover markers (BTMs), C-
reactive protein (CRP), Disease Activity Score assessing 28
joints with CRP (DAS28-CRP), and the modified Total
Sharp Score (mTSS), whichmay affect the progression of joint
destruction as previously described [16]. BP-continue group
(n = 63) and switch-to-DMAb group (n = 61) were

independently matched with these parameters to switch-to-
TPTD group (n = 31) with propensity score matching, using
1:1 optimal matching without replacement as previously de-
scribed [17]. Finally, the BBP-continue^ group (n = 30), the
Bswitch-to-DMAb^ group (n = 30), and the Bswitch-to-
TPTD^ group (n = 30) were evaluated.

This study was conducted in accordance with the ethical
standards of the Declaration of Helsinki and was approved by
the ethical review board at the clinical center (approval num-
ber 13231-2; Osaka University, Graduate School of
Medicine). Written informed consent was obtained from each
individual patient included in the study.

Radiographic assessment of the modified Sharp Score

The hand and foot radiographs were taken at baseline and at
12 months when switching osteoporosis therapies or starting
observation. Two rheumatologists independently assessed the
images blinded to patients’ clinical information, and the aver-
age scores of the two were used in the analysis, as previously
described [18]. The primary endpoint was the change from
baseline in the modified Sharp Erosion (ERO) Score, the mod-
ified Sharp Joint Space Narrowing (JSN) score, and the mTSS
at 12 months [11]. The cumulative probability of the progres-
sion of mTSS per year (ΔmTSS/year) and the clinically rele-
vant radiological progression rate (CRRP; ΔmTSS/year ≥ 3)
were evaluated [19].

BMD and trabecular bone score assessment

Areal BMDs in the lumbar spine (LS; L2-L4), total hip (TH),
and femoral neck (FN) were assessed by dual-energy X-ray
absorptiometry (Discovery, Hologic, Inc., Waltham, MA,
USA) at baseline and after 12 months of treatment. Regions
of severe sclerosis, vertebral fractures, and operated sites were
excluded from BMD measurements, as previously described
[20]. The trabecular bone score (TBS) was assessed at the
same regions used for LS DXA scans, using the TBS
iNsight Software v1.7 (Med-Imaps, Bordeaux, France), as
previously described [21].

Biochemical markers of bone turnover

BTMs were measured in serum obtained from each patient
in the morning after overnight fasting. As for bone forma-
tion marker, N-terminal type I procollagen propeptide (PINP)
(inter-assay coefficient of variation (CV), 3.2–5.2%; Intact
UniQ assay; Orion Diagnostica, Espoo, Finland), and as for
bone resorption marker, tartrate-resistant acid phosphatase
(TRACP)-5b (inter-assay CV, 5.0–9.0%; Immunodiagnostic
Systems Ltd., Boldon, UK), were measured by ELISA, as
previously described [12]. Previous report demonstrated that
TRACP-5b is a useful marker which shows higher clinical
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sensitivity and signal-to-noise ratio compared to serum colla-
gen type 1 cross-linked C-telopeptide (CTX) [22]. Serum in-
tact parathyroid hormone (PTH) levels were measured using a
two-site immunoradiometric assay (inter-assay CV, 8.4%;
Quest Diagnostics Nichols Institute, California, USA).

Statistical analysis

Differences among study groups were tested using analysis of
variance for normally distributed data, and the nonparametric
Kruskal-Wallis test was used for non-normally distributed da-
ta. Changes in BMD and ranked bone turnover marker data
from baseline to specified time points were compared within
each study group using the nonparametric Wilcoxon signed-
rank test. Patients’ clinical background characteristics that
showed significant correlations with 12-month mTSS change
as evaluated by Spearman correlation coefficients were select-
ed as predictor variables, and multivariate logistic regression
analysis with a forward stepwise procedure was performed to
identify significant indicators of 12-month mTSS change. The
95% confidence intervals (CIs) for correlation coefficients
were calculated based on Fisher’s z-transformation. Results
are expressed as means ± standard error. A P value < 0.05
was considered significant. All tests were performed using
IBM SPSS Statistics version 22 software (IBM, Armonk,
NY, USA).

Results

The patients’ baseline characteristics and changes after
12 months are shown in Table 1. No significant differences
were observed in baseline age, body mass index, disease du-
ration of RA, RF and ACPA positivity, mTSS, CRP, swollen/
tender joint count, and DAS28-CRP. In addition, no signifi-
cant changes and no differences between the groups were
observed in the swollen/tender joint count and DAS28-CRP
after 12 months.

The patients’ medications and bone metabolism-related
parameters are shown in Table 2. No significant differences
were observed in combined prednisolone (PSL) or
methotrexate (MTX) doses and usage rates, areal BMD
(T-scores), trabecular bone score (TBS), serum intact-PTH
levels (which increase in response to a low-serum 25-
hydroxycholecalciferol [25(OH)D)] level and low-calcium
intake [23]), and BTMs at baseline. On the other hand, the
switch-to-TPTD group showed longer prior BP therapy du-
ration and a lower rate of combined vitamin D use com-
pared to the BP-continue group and the switch-to-DMAb
group at baseline. The switch-to-DMAb group had a higher
rate and dose of calcium and native vitamin D (cholecalcif-
erol; VD3) administration compared to both the BP-
continue group and the switch-to-TPTD group throughout

the study. There was no significant difference in the pre-
scription rate of each active vitamin D (alfacalcidol [ALF]
and eldecalcitol [ELD]) between the BP-continue group
and the switch-to-TPTD group, respectively.

Bone turnover markers

Percent changes in BTMs from baseline are shown in Fig. 1a
and b. The switch-to-DMAb group showed a significantly
greater decrease compared to the BP-continue group in both
PINP levels (− 28.7 vs. 0.9%; P < 0.05) and TRACP-5b levels
(− 29.0 vs. − 4.6%; P < 0.01) at 6 months. On the other hand,
the switch-to-TPTD group showed a significantly greater in-
crease compared to the BP-continue group in PINP levels
from 6 months (218.6 vs. 0.9%; P < 0.001) to 12 months
(165.5 vs. 5.8%; P < 0.001), and in TRACP-5b levels from
6 months (64.9 vs − 4.6%; P < 0.001) to 12 months (63.5 vs.
− 6.4%; P < 0.001).

Changes in BMD and TBS

Changes in BMD and TBS are shown in Table 2. The
switch-to-TPTD group showed the highest increases in
LS BMD, TBS, and BTMs. On the other hand, the
switch-to-DMAb group tended to show the highest in-
creases in FN and TH BMD compared to the other two
groups.

Effects of switching osteoporosis therapy on joint
space narrowing and bone erosion

The mean changes from baseline at 12 months in the radio-
graphic modified Sharp Erosion Score are shown in Fig. 2.
The changes from baseline in the modified Sharp JSN
Score at 12 months showed no significant difference
among the three groups (Fig. 2a). On the other hand, as
shown in Fig. 2b, the change from baseline in the modified
Sharp Erosion Score at 12 months was significantly lower
in the switch-to-DMAb group than in the switch-to-TPTD
group (0.2 ± 0.1 vs. 1.3 ± 0.5; P < 0.05). Consequently, the
changes from baseline in the mTSS at 12 months were
significantly lower in the switch-to-DMAb group than in
the BP-continue group (0.3 ± 0.2 vs. 1.0 ± 0.3; P < 0.05)
and the switch-to-TPTD group (0.3 ± 0.2 vs. 1.7 ± 0.6;
P < 0.05) (Fig. 2c).

Cumulative probability plots for changes in the modified
Sharp JSN Score (Fig. 3a), the modified Sharp ERO Score
(Fig. 3b), and mTSS (Fig. 3c) at 12 months are shown. The
clinically relevant radiological progression rate (CRRP;
ΔmTSS/year ≥ 3) [19] was significantly lower in the switch-
to-DMAb group than in the switch-to-TPTD group (3.3 vs.
20.0%; P < 0.05). In addition, the structural remission rate
(ΔmTSS/year ≤ 0.5) [18] tended to be higher in the switch-
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to-DMAb group than in the BP-continue group (76.7 vs.
53.3%; P = 0.06) and the switch-to-TPTD group (76.7 vs.
56.7%; P = 0.10).

Significant predictor variables of 12-month mTSS
progression on multivariate linear regression analysis

Spearman correlation coefficients of possible clinical back-
ground characteristics (including baseline age, disease
duration, modified Sharp Score, DAS28-CRP, combined

PSL and MTX dose, prior BP therapy duration, RF and
ACPA titers, areal BMD, TBS, and baseline and change of
BTMs) with 12-month mTSS progression were investigated
for all patients (Table 3), and all significant (P < 0.05) predic-
tors (DAS28-CRP, ACPA positivity, andΔ 6-month TRACP-
5b (%)) were identified and subjected to stepwise multivari-
able linear regression analysis to investigate significant pre-
dictors of 12-month mTSS progression. The significant pre-
dictor of 12-month mTSS progression was Δ 6-month
TRACP-5b (%).

Table 1 Patients’ clinical
characteristics at baseline and
after 12 months of treatment

BP-continue group
(n = 30)

Switch-to-DMAb group
(n = 30)

Switch-to-TPTD group
(n = 30)

Variable

Age (mean ± SE years) 67.6 ± 1.8 68.5 ± 1.8 67.9 ± 1.5

Postmenopausal (%) 96.7 93.3 100

Body mass index (kg/m2) 22.2 ± 0.6 20.5 ± 0.6 21.4 ± 0.6

Duration of RA (years) 18.3 ± 1.9 18.2 ± 2.4 17.6 ± 1.5

RF positivity (%) 90.0 90.0 80.0

RF titer (U/ml) 102.0 ± 23.2 130.0 ± 45.1 110 ± 33.2

ACPA positivity (%) 90.0 86.7 80.0

ACPA titer (U/ml) 194.4 ± 50.8 161.5 ± 42.0 221.5 ± 70.4

Modified Sharp Erosion Score
(0–280)

33.7 ± 7.0 32.7 ± 7.6 37.5 ± 6.0

Modified Sharp JSN Score
(0–168)

55.8 ± 7.3 45.1 ± 6.6 56.2 ± 6.6

Modified Total Sharp Score
(0–448)

89.5 ± 13.7 77.8 ± 13.9 93.7 ± 12.2

Baseline

CRP (mg/dl) 1.1 ± 0.3 0.6 ± 0.2 0.8 ± 0.2

Swollen joint count (0–28) 2.0 ± 0.4 1.4 ± 0.3 1.8 ± 0.5

Tender joint count (0–28) 1.1 ± 0.3 0.8 ± 0.3 1.0 ± 0.2

DAS28-CRP 2.5 ± 0.2 2.2 ± 0.2 2.3 ± 0.2

Remission (< 2.3) (%) 46.7 56.7 46.7

Low (< 2.7) (%) 16.7 13.3 20.0

Moderate (≤ 4.1) (%) 33.3 30.0 30.0

High (> 4.1) (%) 3.3 0.0 3.3

12 months

CRP (mg/dl) 1.1 ± 0.3 0.5 ± 0.1 0.6 ± 0.2

Swollen joint count (0–66) 1.8 ± 0.6 1.1 ± 0.3 1.6 ± 0.4

Tender joint count (0–68) 1.5 ± 0.5 0.7 ± 0.3 0.8 ± 0.2

DAS28-CRP 2.4 ± 0.1 2.0 ± 0.2 2.0 ± 0.1

Remission (< 2.3) (%) 46.7 60.0 63.3

Low (< 2.7) (%) 26.7 16.7 16.7

Moderate (≤ 4.1) (%) 23.3 23.3 20.0

High (> 4.1) (%) 3.3 0.0 0.0

Mean ± standard error (SE), unless otherwise noted. % = number of patients with measurements/total number of
patients

BP, bisphosphonate; DMAb, denosumab; TPTD, teriparatide; RF, rheumatoid factor; ACPA, anti-cyclic
citrullinated peptide antibody; JSN, joint space narrowing; CRP, C-reactive protein; DAS28-CRP, disease activity
score assessing 28 joints with CRP

Differences between the groups were determined by ANOVA or the chi-squared test
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Discussion

To the best of our knowledge, this is the first report demon-
strating the effect of switching oral BPs to DMAb or daily

TPTD on the progression of radiographic joint destruction in
biologic-naïve patients with RA. Previous reports showed that
increased bone turnover is associated with future radiographic
joint destruction in RA [4, 5], suggesting the critical role of

Table 2 Patients’ medications and bone metabolism-related parameters

Variable BP-continue group (n = 30) Switch-to-DMAb group (n = 30) Switch-to-TPTD group (n = 30)

Prior BP therapy Weekly ALN (n = 14; 46.7%)
Weekly RIS (n = 4; 13.3%)
Monthly MIN (n = 12; 40.0%)

Weekly ALN (n = 15; 50.0%)
Weekly RIS (n = 2; 6.7%)
Monthly MIN (n = 13; 43.3%)

Weekly ALN (n = 17; 56.7%)
Weekly RIS (n = 13; 43.3%)###, †††

Duration of prior BP therapy (months) Total (36.6 ± 4.2)
ALN (32.7 ± 2.7)
RIS (27.3 ± 7.3)
MIN (44.3 ± 9.6)

Total (40.5 ± 5.4)
ALN (35.9 ± 7.1)
RIS (48.5 ± 41.5)
MIN (44.5 ± 8.1)

Total (57.4 ± 5.5)#,††

ALN (59.1 ± 6.7)##, †

RIS (55.2 ± 9.3)#

Concomitant medication
Baseline
Vitamin D (%) 93.3 100.0 66.7#, ††

ALF/ELD/VD3 (%) 73.3/20.0/0.0 40.0**/16.7/43.3*** 60.0/6.7/0.0†††

ALF/ELD/VD3 (μg/day) 0.8 ± 0.1/0.8 ± 0.0/0.0 ± 0.0 0.9 ± 0.1/0.8 ± 0.0/10.0 ± 0.0*** 0.5 ± 0.0###, †††/0.8 ± 0.0/0.0 ± 0.0†††

Calcium (%) 13.3 90.0*** 6.7†††

Calcium (mg/day) 51.3 ± 40.1 300.3 ± 50.6*** 5.2 ± 3.8†††

Prednisolone dose (mg/day) 2.8 ± 0.5 2.8 ± 0.6 4.4 ± 0.6
Prednisolone usage (%) 60.0 66.7 80.0
MTX dose (mg/week) 5.2 ± 0.7 6.1 ± 0.6 5.3 ± 0.7
MTX usage (%) 76.7 86.7 80.0
12 months
Vitamin D (%) 80.0 100.0 53.3#, †††

ALF/ELD/VD3 (%) 63.3/16.7/0.0 40.0/16.7/43.3*** 50.0/3.3/0.0†††

ALF/ELD/VD3 (μg/day) 0.9 ± 0.1/0.8 ± 0.0/0.0 ± 0.0 0.9 ± 0.1/0.8 ± 0.0/10.0 ± 0.0*** 0.5 ± 0.1###, †††/0.8 ± 0.0/0.0 ± 0.0†††

Calcium (%) 10.0 83.3*** 6.7†††

Calcium (mg/day) 48.7 ± 40.2 294.2 ± 51.6*** 5.2 ± 3.8†††

Prednisolone dose (mg/day) 2.6 ± 0.5 2.1 ± 0.5 3.8 ± 0.7†

Prednisolone usage (%) 56.7 56.7 70.0
MTX dose (mg/week) 5.5 ± 0.8 5.3 ± 0.6 5.4 ± 0.8
MTX usage (%) 73.3 76.7 70.0
Baseline
Lumbar spine BMD (T-score) − 1.7 ± 0.2 − 2.0 ± 0.3 − 2.3 ± 0.2
Femoral neck BMD (T-score) − 2.2 ± 0.2 − 2.6 ± 0.1 − 2.6 ± 0.2
Total hip BMD (T-score) − 2.0 ± 0.2 − 2.4 ± 0.2 − 2.3 ± 0.2
Trabecular bone score 1.4 ± 0.0 1.3 ± 0.0 1.3 ± 0.0
Intact-PTH (pg/ml) 41.4 ± 3.1 49.2 ± 3.8 50.1 ± 3.6
Corrected calcium (mg/dl) 9.2 ± 0.1 9.3 ± 0.1 9.2 ± 0.1
eGFR (ml/min/1.73 m2) 75.0 ± 4.4 71.3 ± 3.6 75.3 ± 4.1
PINP (μg/l) 26.8 ± 2.4 40.4 ± 5.2 39.3 ± 3.8
TRACP-5b (mU/dl) 245.5 ± 23.2 326.9 ± 38.2 304.8 ± 31.0
12-month change (%)
Lumbar spine BMD 3.2 ± 0.9 4.9 ± 1.0 5.3 ± 1.1
Femoral neck BMD 1.2 ± 0.9 4.5 ± 1.5 1.7 ± 1.4
Total hip BMD 1.4 ± 1.0 2.9 ± 0.8 1.1 ± 0.9
Trabecular bone score − 0.4 ± 0.7 0.2 ± 0.6 1.6 ± 0.7
PINP (μg/l) 5.8 ± 13.0 − 24.9 ± 7.8 165.5 ± 40.0 ##, †††

TRACP-5b (mU/dl) − 6.4 ± 6.6 − 24.7 ± 7.6 63.5 ± 14.9###, †††

Mean ± standard error (SE), unless otherwise noted.% = number of patients with measurements/total number of patients. Differences between the groups
were determined by ANOVA or the chi-squared test

BP, bisphosphonate; DMAb, denosumab; TPTD, teriparatide; ALN, alendronate; RIS, risedronate; MIN, minodronate; ALF, alfacalcidol; ELD,
eldecalcitol; VD3, cholecalciferol; MTX, methotrexate; BMD, bone mineral density; PTH, parathyroid hormone; eGFR, estimated glomerular filtration
rate; PINP, Type I collagen N-terminal propeptide; TRAP-5b, isoform 5b of tartrate-resistant acid phosphatase

***P < 0.001; BP-continue group vs. Switch-to-DMAb group
#P < 0.05, ##P < 0.01, ###P < 0.001; BP-continue group vs. Switch-to-TPTD group
†P < 0.05, ††P < 0.01, †††P < 0.001; Switch-to-DMAb group vs. Switch-to-TPTD group
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bone turnover in joint destruction, especially in osteoclast-
induced periarticular bone erosion.

Factors affecting the progression of joint destruction (es-
pecially bone erosion) in RA have been reported. Syversen
et al. demonstrated that baseline RF and ACPA positivity,
high disease activity, and female sex were independent pre-
dictors of progression of mTSS in a 10-year prospective
study [24]. Another cross-sectional study showed that the
presence of bone erosions in RA correlates with low-BMD
levels [25]. In the present study, to investigate the effects of
osteoporosis treatments, these factors affecting the progres-
sion of joint destruction were controlled between the
groups. In addition, 12-month mTSS progression was sig-
nificantly associated with baseline DAS28-CRP, ACPA
positivity, and Δ6-month TRACP-5b (%), in accordance
with previous reports. Finally, multivariate linear regres-
sion analysis showed that Δ6-month TRACP-5b (%) was
the significant factor associated with 12-month mTSS
progression.

Concerning BPs, zoledronate is one of the BPs that most
strongly induces apoptosis of osteoclasts [26], and a previous
animal study showed that the combination of zoledronate and
MTX prevented bone erosion in collagen-induced arthritis of
rats [27]. On the other hand, human prospective, randomized
trials failed to show the positive effects of zoledronate mono-
therapy on bone erosion in patients with psoriatic arthritis [28]
and tophaceous gout [29]. Taken together, BP monotherapy
may be insufficient, but its combination with MTX may have
some positive effects on inhibition of bone erosion in arthritis.

Takeuchi et al. reported that DMAb significantly inhibited
the progression of bone erosion compared with placebo in
Japanese RA patients who had bone erosions or C-reactive
protein (CRP) ≥ 1.0 mg/dL and who were also never treated
by BPs or biologics at baseline [11]. This population may be
relatively rare compared to the real-world use of DMAb, since
most patients are considered to be treated by BPs at first line
according to the osteoporosis guidelines [13, 14]. Moreover,
the placebo group was not treated by any bone resorption
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inhibitors such as BPs in this study. So the effects of switching
BPs to DMAb on bone erosion of RA still remained unclear.

Recently, Solomon et al. demonstrated that 1-year daily
TPTD treatment failed to show significant effects on bone
erosion of the hands or wrists compared to a control group
in RA, who were all strictly controlled by TNF inhibitors and
not taking osteoporosis treatment [30]. Taken together, TPTD
may not reduce or enhance bone erosion compared to a non-
osteoporosis treatment group, but its effects on bone erosion
compared to BPs or DMAb still remained unclear.

The present study demonstrated for the first time that
switching oral BPs to DMAb significantly reduced Δ12-
month mTSS compared to continuing oral BPs or switching
to TPTD, which were significantly associated with a decrease
of a bone resorption marker. It has been reported that low
BMD and thinning at the cortical site were significantly asso-
ciated with bone erosions of RA [31]. DMAb showed positive
effects in improving cortical porosity compared to BPs [32],
while TPTD failed to show positive effects on cortical sites in
the short-term treatment [33, 34]. Taken together, the

differential effects of each agent on both cortical bone and
bone turnover may affect the results.

There are several limitations to this study. First, since this
was a small cohort, retrospective study, we could not
completely match all the clinical backgrounds between the
groups, and a large, prospective study is required to confirm
the results. Second, as the treatment assignment was depen-
dent on each patient’s and physician’s wishes, the initial treat-
ment selection may affect the results. Third, since TPTD is
recommended to patients at high-fracture risk, the switch-to-
TPTD group showed a tendency of higher rate and dose of
PSL, with a longer duration of prior BP prescription than other
groups. Fourth, there was significant difference in the form of
vitamin D among the groups, because only active vitamin D
combination is allowed in the treatment of BP or TPTD in our
country. Fifth, the switch-to-TPTD group was treated with a
lower rate of calcium and vitamin D supplementation com-
pared to other groups, because of the recommendation of care-
ful consideration in calcium and active vitamin D supplemen-
tation due to the risk of hypercalcemia in our country. Sixth,
although mean serum intact-PTH levels of the three groups at

Table 3 Spearman correlation
coefficients between changes in
the 12-month modified Total
Sharp Score and patients’ clinical
parameters, and significant pre-
dictor variables evaluated by
multivariate linear regression
analysis

Parameter r P value

Baseline Age 0.01 0.90

Body mass index 0.07 0.50

Disease duration of RA − 0.08 0.48

DAS28-CRP 0.22 0.04*

Modified Sharp Erosion Score 0.20 0.06

Modified Sharp JSN Score 0.08 0.44

Modified Total Sharp Score 0.14 0.19

RF positivity 0.11 0.30

ACPA positivity 0.32 0.01**

Duration of prior BP therapy − 0.03 0.76

Lumbar spine BMD (T-score) − 0.08 0.45

Femoral neck BMD (T-score) − 0.02 0.89

Total hip BMD (T-score) − 0.04 0.69

Trabecular bone score 0.01 0.95

Prednisolone dose (mg/day) 0.06 0.57

PINP (μg/l) − 0.003 0.98

TRACP-5b (mU/dl) − 0.12 0.29

6 months ΔPINP (%) 0.16 0.15

ΔTRACP-5b (%) 0.23 0.04*

12 months ΔPINP (%) 0.09 0.45

ΔTRACP-5b (%) 0.12 0.32

Parameter β 95% CI P value

Δ12-month mTSS Δ6-month TRACP-5b (%) 0.30 0.002 to 0.016 0.009**

RA, rheumatoid arthritis; DAS28-CRP, Disease Activity Score assessing 28 joints with CRP; JSN, Joint Space
Narrowing; RF, rheumatoid factor; ACPA, anti-cyclic citrullinated peptide antibody; BP, bisphosphonate; BMD,
bonemineral density; PINP, Type I collagen N-terminal propeptide; TRAP-5b, isoform 5b of tartrate-resistant acid
phosphatase.Δ, change;mTSS, modified Total Sharp Score; β, standardized coefficient; 95%CI, 95%confidence
intervals. *P < 0.05, **P < 0.01
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baseline were all within the reference range (< 65 pg/ml), we
did not monitor serum 25OH(D) levels and other standard
bone turnover markers.

In conclusion, the changes of systemic bone turnover in-
duced by switching BPs to DMAb or TPTD may affect not
only systemic bone mass, but also local joint destruction, and
its clinical relevance should be comprehensively considered
by factors such as RA disease activity and fracture risk.
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