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Abstract The aim of this observational, non-randomized
study was to clarify the unknown effects of switching oral
bisphosphonates (BPs) to denosumab (DMADb) or daily teri-
paratide (TPTD) in patients with rheumatoid arthritis (RA).
The characteristics of the 194 female patients included in
the study were 183 postmenopausal, age 65.9 years, lum-
bar spine (LS) T score —1.8, femoral neck (FN) 7 score
—2.3, dose and rate of taking oral prednisolone (3.6 mg/
day) 75.8%, and prior BP treatment duration 40.0 months.
The patients were allocated to (1) the BP-continue group
(n = 80), (2) the switch-to-DMAb group (n = 74), or (3)
the switch-to-TPTD group (n = 40). After 18 months, the
increase in bone mineral density (BMD) was significantly
greater in the switch-to-DMAb group than in the BP-con-
tinue group (LS 5.2 vs 2.3%, P < 0.01; FN 3.8 vs 0.0%,
P < 0.01) and in the switch-to-TPTD group than in the BP-
continue group (LS 9.0 vs 2.3%, P < 0.001; FN 4.9 vs 0.0%,
P < 0.01). Moreover, the switch-to-TPTD group showed a
higher LS BMD (P < 0.05) and trabecular bone score (TBS)
(2.1 vs —0.7%; P < 0.05) increase than the switch-to-DMAb
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group. Clinical fracture incidence during this period was
8.8% in the BP-continue group, 4.1% in the switch-to-
DMAD group, and 2.5% in the switch-to-TPTD group. Both
the switch-to-DMAD group and the switch-to-TPTD group
showed significant increases in LS and FN BMD, and the
switch-to-TPTD group showed a higher increase in TBS
compared to the BP-continue group at 18 months. Switch-
ing BPs to DMADb or TPTD in female RA may provide some
useful osteoporosis treatment options.

Keywords Bisphosphonate - Denosumab - Osteoporosis
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Introduction

Patients with rheumatoid arthritis (RA) suffer reduced bone
mineral density (BMD) with disease progression [1] and a
higher risk of fractures than patients without RA [2—4]. Pro-
inflammatory cytokines, such as tumor necrosis factor-alpha
(TNF-), interleukin (IL)-1, IL-6, and IL-17, are strongly
involved in RANKL induction, which leads to osteoclas-
togenesis and bone loss in RA [5-8]. Wnt signaling is essen-
tial in bone formation [9], although circulating levels of Wnt
signaling inhibitors, Dickkopf-1 (Dkk-1) and sclerostin,
were both higher in patients with RA than in controls [10].
Moreover, TNF and glucocorticoids, which are deeply asso-
ciated with the pathology of RA, also suppress Wnt sign-
aling in osteoblasts [11], and glucocorticoids also induce
apoptosis of osteoblasts and osteocytes and increase fracture
risk [12, 13]. Taken together, inhibited bone formation may
also play a role in the pathogenesis of osteoporosis in RA.
Bisphosphonates (BPs) play pivotal roles in the treatment
of both primary and secondary osteoporosis, although pro-
longed BP treatment may attenuate the increase of BMD
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[14]. Recently, the efficacy of switching BPs to denosumab
(DMAD), an anti-RANKL antibody that strongly inhibits
bone resorption [15], or daily teriparatide (TPTD), a bone
anabolic agent that strongly induces bone formation [16],
has been reported in primary osteoporosis. Moreover, we
have recently reported that switching daily TPTD to DMAb
showed stronger bone turnover inhibition and higher BMD
increase compared to switching to oral BPs in primary
osteoporosis [17]. Another study also demonstrated that,
in long-term prednisolone (PSL) users, switching oral
BPs to DMAD significantly reduced bone turnover mark-
ers and increased BMD compared to continuing BPs [18].
In addition, Takeuchi et al. demonstrated that DMAb not
only increased areal BMD, but also inhibited the progres-
sion of bone erosion in RA [19]. On the other hand, TPTD
showed a greater increase in areal BMD than alendronate
(ALN) in glucocorticoid-induced osteoporosis (GIO) [14],
and we have previously shown that TPTD significantly
increased femoral BMD in patients with RA compared to
that in postmenopausal osteoporosis [20], indicating the effi-
cacy of TPTD in both GIO and RA. Taken together, it has
been assumed that switching BPs to DMAb or TPTD may
have some advantages over continuing BPs in patients with
RA, although no previous studies have compared these two

switching therapies. The aim of this study was to clarify the
unknown effects of switching BPs to DMAb or TPTD in
female patients with RA.

Materials and methods
Study design and subjects

This 18-month observational, non-randomized study was
conducted based on a two-center, open-label design. A total
of 194 female (183 postmenopausal) patients with RA who
were treated with oral BPs according to the Japanese 2011
guidelines for prevention and treatment of osteoporosis [21]
and the 2004 guidelines on the management and treatment of
GIO of the Japanese Society for Bone and Mineral Research
[22] were enrolled in the study (Fig. 1). RA was diagnosed
based on the 1987 revised American College of Rheumatol-
ogy (ACR) criteria [23]. C-reactive protein (CRP), matrix
metalloproteinase-3 (MMP-3), and the Disease Activity
Score assessing 28 joints with CRP (DAS28-CRP) were
evaluated as parameters reflecting inflammation, as well
as the disease activity of RA [24, 25]. Registered patients
were allocated based on each physician’s discretion and
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Fig.1 Study design, schedule, patient flow, and clinical fracture
incidence. Registered patients were allocated based on each physi-
cian’s discretion to the ‘BP-continue’ group (n = 80), consisting of
patients who wanted to continue their current therapies, the ‘switch-
to-DMAD’ group (n = 74), or the ‘switch-to-TPTD’ group (n = 40).

Bone mineral density and bone turnover markers were evaluated
every 6 months. Reasons for discontinuation and clinical fracture
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incidence during the period were evaluated at 18 months. BP bis-
phosphonate, ALN alendronate, RIS risedronate, MIN minodronate,
DMAb denosumab, TPTD teriparatide, LS lumbar spine, TH total hip,
FN femoral neck, TBS trabecular bone score, TRAP-5b isoform 5b of
tartrate-resistant acid phosphatase, PINP type I collagen N-terminal
propeptide, ucOC undercarboxylated osteocalcin
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patients preference to the ‘BP-continue’ group (n = 80), the
‘switch-to-DMADb’ group (n = 74), or the ‘switch-to-TPTD’
group (n = 40). Calcium (50-610 mg/day) and vitamin D
(0.25-10 pg/day) supplements were provided and dosing
adjusted according to the attending physician’s decision.

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
number 13231-2; Osaka University, Graduate School of
Medicine). Written informed consent was obtained from
each individual patient included in the study.

BMD and trabecular bone score (TBS) assessment

Areal BMD 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 6, 12, and 18 months of treat-
ment. Regions of severe sclerosis, vertebral fracture, and
operated sites were excluded from BMD measurements, as
previously described [26]. The TBS consists of experimen-
tal variograms of two-dimensional projection images, and
low TBS is indicative of degraded microarchitecture, such
as low connectivity, reduced trabecular number, and high
trabecular spacing [27]. The TBS was assessed at the same
regions used for LS DXA scans, using TBS iNsight Soft-
ware v1.7 (Med-Imaps, Bordeaux, France), as previously
described [28]. LS TBS was calculated as the mean value
of individual measurements for vertebrae L2-1.4. Fractured
vertebrae were excluded from the analysis.

Biochemical markers of bone turnover

Bone turnover markers were measured in serum obtained
from each patient on the morning after overnight fasting.
The bone formation 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 bone resorption marker, isoform 5b of 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 [20]. Lev-
els of undercarboxylated osteocalcin (ucOC) were measured
by a solid-phase enzyme immunoassay kit (inter-assay CV
5.2-8.3%; Takara Bio, Shiga, Japan), with a sensitivity of
0.25 ng/mL. UcOC reflects not only vitamin K deficiency,
but also total bone turnover, because it is released from both
osteoblasts and absorbed bone extracellular matrix by osteo-
clasts, as previously described [20, 29]. Intact parathyroid
hormone (PTH) was measured using a two-site immunora-
diometric assay (inter-assay CV 8.4%; Quest Diagnostics
Nichols Institute, CA, USA). Serum PTH levels increase in
response to a low serum 25-hydroxycholecalciferol level and
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low calcium intake [30], which promote bone resorption and
consequent bone loss [31].

Radiographs

Spinal radiographs were obtained at baseline and at unsched-
uled times if subjects had symptoms suggestive of clinical
vertebral fractures. For incidental non-vertebral fractures,
radiographs were assessed by the investigator if subjects had
symptoms.

Statistical analysis

Differences between each study group were tested using
analysis of variance for normally distributed data, and the
nonparametric Kruskal-Wallis test was used for non-nor-
mally distributed data. Changes in BMD and ranked bone
turnover marker data from baseline to specified time points
within each study group were compared using the nonpara-
metric Wilcoxon signed-rank test. Results are expressed as
mean =+ standard error. A P value <0.05 was considered sig-
nificant. All tests were performed using IBM SPSS Statistics
version 22 software (IBM, Armonk, NY, USA).

Results

Patient baseline characteristics are shown in Table 1. Of the
194 study patients, 114 (58.8%) had their BPs switched. No
significant differences were observed in baseline age, body
mass index, estimated glomerular filtration rate, disease
duration of RA, rheumatoid factor (RF) and anti-cyclic cit-
rullinated peptide antibody (ACPA) positivity, and the pred-
nisolone (PSL)/methotrexate/biologics usage rates among
the three groups. The switch-to-TPTD group showed longer
prior BP therapy duration, higher prior vertebral fracture
rate, lower LS/TH/FN T score, and higher serum PINP and
TRACP-5b levels, DAS28-CRP, and PSL dose, compared to
the BP-continue group, suggesting that patients with severe
osteoporosis and high disease activity were preferentially
switched to TPTD. The switch-to-DMAb group tended
to show a higher prior vertebral fracture rate, lower LS T
score, higher serum PINP and TRACP-5b levels, and PSL
dose, compared to the BP-continue group. The switch-to-
DMAD group had a higher rate of vitamin D and calcium
administration compared to both the BP-continue group and
the switch-to-TPTD group. Eventually, 95.0% (76/80) of
patients in the BP-continue group, 91.9% (68/74) of patients
in the switch-to-DMAD group, and 85.0% (34/40) of patients
in the switch-to-TPTD group completed the 18-month trial
(Fig. 1).
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Table 1 Patient baseline clinical characteristics

Variable BP-continue group (n = 80) Switch-to-DMAD group (n = 74) Switch-to-TPTD group (n = 40)
Age (mean =+ SE years) 66.2 + 1.0 644+ 1.5 67.8+1.3

Postmenopausal, n/N (%) 72/80 (90.0) 60/74 (81.1) 37/40 (92.5)

Body mass index (kg/m?) 22.1+04 21.1 +04 21.1 £ 0.5

Prior BP therapy Weekly ALN (n = 44; 55.0%) Weekly ALN (n = 36; 48.6%) Weekly ALN (n = 21; 52.5%)

Weekly RIS (n = 11; 13.8%)
Monthly MIN (n = 25; 31.3%)

Weekly RIS (n =4;5.4%)
Monthly MIN (n = 34; 45.9%)

Weekly RIS (n = 18; 45.0%)%# T

L

Duration of prior BP therapy 383+25 332+32 56.9 + 6.3 11
(months)
Vitamin D, n/N (%) 65/80 (81.3) 71/74 (95.9)%* 27/40 (67.5)77
Native:active vitamin D 0:65 22:51 0:27
Calcium, n/N (%) 9/80 (11.3) 44774 (59.5)%** 2/40 (5.0%)
Prior vertebral fracture(s), n/N (%)  23/80 (28.8) 30/74 (40.5) 28/40 (70.0)### T
Prior non-vertebral fracture(s), /N 13/80 (16.3) 14/74 (18.9) 7/40 (17.5)
(%)
Lumbar spine BMD (g/cm?) 0.839 + 0.018 0.813 + 0.020 0.764 + 0.024"
Lumbar spine BMD (T score) —-1.6 £0.2 -19+0.2 —23+02%
Femoral neck BMD (g/cm?) 0.554 +0.013 0.553 +£0.014 0.511 +£0.018
Femoral neck BMD (T score) -22+0.1 -22+0.1 -2.6 +0.1%
Total hip BMD (g/cm?) 0.666 + 0.014 0.662 + 0.017 0.592 + 0.020%
Total hip BMD (7 score) -1.9+0.1 —2.0+0.1 —24+0.1*
PINP (ug/L) 29.1+1.9 33.7+3.0 39.6 +3.5%
TRACP-5b (mU/dL) 2454 +13.3 289.2 +21.5 317.9 + 26.8"
ucOC (ng/mL) 24403 23+04 21+03
Intact-PTH (pg/mL) 489 +2.4 51.5+3.7 456 +2.6
Corrected Ca (mg/dL) 9.1+0.1 9.3+0.0 9.1 +£0.1
¢GFR (mL/min/1.73 m?) 76.9 +2.4 70.0 + 2.7 773 +3.7
Duration of disease (years) 179+ 1.1 185+1.6 16.6 + 1.4
RF positivity, n/N (%) 66/80 (82.5) 57/74 (77.0) 31/40 (77.5)
ACPA positivity, n/N (%) 63/80 (78.8) 56/74 (75.7) 30/40 (75.0)
CRP (mg/dL) 0.7 +0.1 0.6 +0.1 1.0+0.3
MMP-3 (ng/mL) 157.1+153 111.8+9.5 1872 +31.3
DAS28-CRP 23+0.1 2.1+0.1 2.8 +0.2" 71
Prednisolone dose (mg/day) 3.1+03 3.8+04 4.4 +0.6"
Prednisolone usage, n/N (%) 58/80 (72.5) 55/74 (74.3) 34/40 (85.0)
MTX dose (mg/week) 43+04 33+05 38+0.6
MTX usage, n/N (%) 53/80 (66.3) 46/74 (62.2) 26/40 (65.0)
Biologics usage, n/N (%) 15/80 (18.8) 22/74 (29.7) 9/40 (22.5)
Biologics (1) TCZ (9), ABT (3), EIN (1),  TCZ (7), ETN (5), ABT (4), TCZ (4), ETN (2), ADA (1), GOL (1),
ADA (1), IFX (1) ADA (3), GOL (3) IFX (1)

Mean + standard error (SE), unless otherwise noted

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

n/N (%) number of patients with measurements/total number of patients (%), BP bisphosphonate, DMAb denosumab, TPTD teriparatide, ALN
alendronate, RIS risedronate, MIN minodronate, PINP type I collagen N-terminal propeptide, TRAP-5b isoform 5b of tartrate-resistant acid
phosphatase, ucOC undercarboxylated osteocalcin, PTH parathyroid hormone, eGFR estimated glomerular filtration rate, RF rheumatoid factor,
ACPA anti-cyclic citrullinated peptide antibody, CRP C-reactive protein, MMP-3 matrix metalloproteinase-3, DAS28-CRP disease activity score
assessing 28 joints with CRP, MTX methotrexate, TCZ tocilizumab, ABT abatacept, ETN etanercept, ADA adalimumab, /FX infliximab, GOL
golimumab

** P <0.01, ¥**¥* P < 0.001; BP-continue group vs switch-to-DMADb group

#P <0.05, %P <0.01, ¥ P < 0.001; BP-continue group vs switch-to-TPTD group
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Rate of clinical fragility fracture

During the 18-month period, the BP-continue group patients
experienced 2 clinical vertebral, 2 hip, and 3 other non-
vertebral fragility fractures (8.8%). The switch-to-DMAb
group experienced 1 clinical vertebral and 2 non-vertebral
fragility fractures (4.1%), and the switch-to-TPTD group
experienced 1 hip fragility fracture (2.5%). No significant
difference in the total fracture rate was observed among the
groups (Fig. 1).

Bone turnover markers

Percent changes in bone turnover markers from base-
line are shown in Fig. 2. The switch-to-DMADb group
showed a significantly greater decrease compared to the
BP-continue group in TRACP-5b levels from 6 months

TRACP-5b
a minimum significant change (-12.4%)
++«O++ BP-continue (n=80)

—e— Switch-to-DMADb (n=74)
Switch-to-TPTD (n=40)

(—28.5 vs =3.5%; P < 0.001) to 18 months (—=20.7 vs
—1.7%; P < 0.05), in PINP levels at 18 months (—17.8
vs 19.9%; P < 0.05), and in ucOC levels at 12 months
(—28.7 vs 21.7%; P < 0.01). On the other hand, the
switch-to-TPTD group showed a significantly greater
increase compared to the BP-continue group in TRACP-
5b levels from 6 months (77.1 vs —3.5%; P < 0.001) to
18 months (44.9 vs —1.7%; P < 0.001), in PINP levels
from 6 months (296.5 vs —9.6%; P < 0.001) to 18 months
(156.8 vs 19.9%; P < 0.001), and in ucOC levels from
6 months (476.9 vs 13.5%; P < 0.001) to 18 months (219.4
vs 44.1%; P < 0.001). The absolute values of bone turno-
ver markers are shown in Fig. 3. The switch-to-DMAb
group showed significantly lower values compared to the
BP-continue group in TRACP-5b levels from 12 months
(153.7 vs 226.3 mU/dL; P < 0.001) to 18 months (152.2 vs
203.6 mU/dL; P < 0.01), in PINP levels from 12 months
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Fig. 2 Mean changes from baseline in serum concentrations of bone
turnover markers TRAP-5b (a), PINP (b), and ucOC (c). BP bisphos-
phonate, DMAb denosumab, TPTD teriparatide, TRAP-5b isoform 5b
of tartrate-resistant acid phosphatase, PINP type I collagen N-termi-
nal propeptide, ucOC undercarboxylated osteocalcin. Bars indicate
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Months

standard errors. P < 0.01, #*P < 0.001 BP-continue group versus
switch-to-TPTD group. *P < 0.05, **P < 0.01, ***P < 0.001 BP-
continue group versus switch-to-DMAb group. TP < 0.001 switch-
to-DMAD group versus switch-to-TPTD group
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(18.1 vs 25.8 pg/L; P < 0.01) to 18 months (17.0 vs
31.6 pg/L; P < 0.01), and in ucOC levels from 6 months
(0.9 vs 2.2 ng/mL; P < 0.001) to 18 months (1.0 vs 2.1 ng/
mL; P < 0.001). On the other hand, the switch-to-TPTD
group showed significantly higher values compared to the
BP-continue group in TRACP-5b levels from 6 months
(573.0 vs 220.1 mU/dL; P < 0.001) to 18 months (412.6 vs
203.6 mU/dL; P < 0.001), in PINP levels from 6 months
(144.4 vs 26.8 pg/L; P < 0.001) to 18 months (85.7 vs
31.6 pg/L; P < 0.001), and in ucOC levels from 6 months
(12.4 vs 2.2 ng/mL; P < 0.001) to 18 months (7.1 vs
2.1 ng/mL; P < 0.001). In the BP-continue group and the
switch-to-DMADb group, the mean values of bone turno-
ver markers were all within the reference values (TRACP-
5b 120-420 mU/dL, PINP 14.9-68.8 pg/L, and ucOC
<4.5 ng/mL).

a TRACP-5b
reference range: 120-420 mU/dl
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700 A g Switch-to-DMAb (n=74)
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100 T T ]
0 6 12 18
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C

Changes in BMD and TBS

Changes in LS BMD and TBS are shown in Fig. 4. In all
groups, LS BMD showed significant increases compared to
baseline from 6 to 18 months. The switch-to-DMADb group
showed a significant increase in LS BMD from 6 months
(2.8 vs 0.9%; P < 0.05) to 18 months (5.2 vs 2.3%; P < 0.01)
compared to the BP-continue group. On the other hand, the
switch-to-TPTD group showed significant increases in LS
BMD from 6 months (4.2 vs 0.9%; P < 0.01) to 18 months
(9.0 vs 2.3%; P < 0.001), and in TBS (2.1 vs —1.8%;
P < 0.001) at 18 months compared to the BP-continue
group. Moreover, the switch-to-TPTD group showed signifi-
cantly greater increases in LS BMD (9.0 vs 5.2%; P < 0.05)
and TBS (2.1 vs —0.7%; P < 0.05) compared to the switch-
to-DMAD group at 18 months.
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Fig. 3 Mean absolute values of bone turnover markers TRAP-5b
(a), PINP (b), and ucOC (c). BP bisphosphonate, DMAb deno-
sumab, TPTD teriparatide, TRAP-5b isoform 5b of tartrate-resistant
acid phosphatase, PINP type I collagen N-terminal propeptide,
ucOC undercarboxylated osteocalcin. Bars indicate standard errors.

Months

#p < 0.01, ¥Pp < 0.001 BP-continue group versus switch-to-TPTD
group. **P < 0.01, ***P < 0.001 BP-continue group versus switch-

versus switch-to-TPTD group
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Fig. 4 Mean changes from baseline in bone mineral density (BMD)
at the lumbar spine (a) and trabecular bone score (b). Ip < 0.05,
Hip < 0.001 change from baseline within each treatment group. BP
bisphosphonate, DMAb denosumab, TPTD teriparatide. Bars indicate

a Total Hip
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Fig. 5 Mean changes from baseline in bone mineral density (BMD)
at the total hip (a) and femoral neck (b). BP bisphosphonate, DMAb
denosumab, TPTD teriparatide. Bars indicate standard errors.
IP < 0.05, /P < 0.01, ///P < 0.001 change from baseline within

Changes in TH and FN BMD are shown in Fig. 5. The
switch-to-DMADb group showed significant increases in TH
and FN BMD compared to the BP-continue group from
12 months (TH 3.1 vs 0.5%; P < 0.001/FN 3.9 vs 0.3%;
P <0.001) to 18 months (TH 3.9 vs 1.4%; P < 0.01/FN 3.8
vs 0.0%; P < 0.01). On the other hand, the switch-to-TPTD
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group showed significant decreases in TH and FN BMD
compared to the switch-to-DMAb group at 6 months (TH
—1.4 vs 1.5%; P < 0.05/FN —1.1 vs 2.0%; P < 0.01),
although a linear increase was seen from 12 months. Finally,
the switch-to-TPTD group showed equivalent increase in
TH and FN BMD compared to the switch-to-DMADb group,
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and also showed significant increases in TH and FN BMD
compared to the BP-continue group at 18 months (TH 4.0
vs 1.4%; P < 0.05/FN 4.9 vs 0.0%; P < 0.01).

Discussion

Previous studies showed that systemic glucocorticoid
therapy in RA is associated with enhanced endosteal bone
resorption [32], and female patients with RA had a higher
rate of cortical porosity compared to age-matched con-
trols [33], suggesting cortical bone fragility in RA. DMAb
showed greater inhibition of intracortical remodeling
compared to ALN in humans [34], and switching ALN to
DMAD showed reduced bone resorption and cortical poros-
ity in ovariectomized monkeys [35]. Moreover, DMADb sus-
tained modeling-based bone formation in endocortical and
periosteal surfaces [36]. Taken together, switching BPs to
DMAD may be effective, especially in inhibiting cortical
remodeling and porosity with sustained modeling-based
bone formation, which may be reflected as rapid and linear
increases of TH and FN BMD, where cortical bone is rela-
tively abundant.

PTH promotes bone formation not only by directly pro-
moting Wnt signaling [9], but also by inhibiting Dkk-1 and
sclerostin expression from osteocytes and osteoblasts [37].
Indeed, TPTD administration decreased serum sclerostin
levels of postmenopausal women [38] and also showed
greater induction of bone formation markers in RA com-
pared to postmenopausal women [20]. In the present study,
switching BPs to TPTD showed rapid induction of bone for-
mation markers and linear increases of LS BMD and TBS,
suggesting the efficacy of TPTD in restoring bone formation
of RA.

Concerning hip BMD, a previous report showed that,
in TPTD treatment, an initial hip BMD decrease was
observed in anti-resorptive (mainly BP)-pretreated patients
at 6 months, although a significant increase was seen from
12 months [39], and the same tendency was observed in the
present study. This may be explained by endosteal corti-
cal bone resorption in the initial phase, with simultaneous
periosteal bone apposition and late mineralization of newly
formed bone induced by TPTD administration [39].

Another interesting point is that in the prolonged BP-con-
tinue group, the TBS showed a significant decrease despite
a significant increase of LS BMD. Previous reports showed
that the change in TBS was relatively small compared to
that of BMD [40, 41], and 24-month treatment with rese-
dronate (RIS) significantly increased LS BMD, but didn’t
increase TBS [40]. In addition, a low TBS was indepen-
dently associated with daily glucocorticoid dose in patients
with theumatic diseases [42]. Taken together, prolonged BP
treatment may not always assure the preservation of bone

microarchitecture in patients with rheumatic diseases treated
by glucocorticoids.

There are several limitations to this study. Baseline cal-
cium intake and serum 25-hydroxy vitamin D levels could
not be monitored. As TPTD is recommended to patients
at high fracture risk, and also with careful administration
in combination with calcium and vitamin D in Japan, the
switch-to-TPTD group showed more severe osteoporosis,
higher RA disease activity, longer duration of prior BPs
prescription with a lower rate of minodronate (MIN) and
higher rate of RIS (as MIN showed stronger bone turnover
inhibition than RIS in RA [43]), and lower rate of calcium
and vitamin D supplementation (which may affect BMD
increase as previously described [44]) than the BP-continue
and switch-to-DMADb groups, which may affect the results.
Since spinal X-rays were not routinely performed, subclini-
cal vertebral fractures could not be monitored, and fracture
risk comparisons should be assessed in a larger cohort.

In conclusion, both the switch-to-DMAb group and the
switch-to-TPTD group showed significant increases in LS,
TH, and FN BMD, and the switch-to-TPTD group showed
a higher increase in the TBS compared to the BP-continue
group at 18 months. Switching BPs to DMAb or TPTD in
female RA may provide some useful osteoporosis treatment
options.
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