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Abstract We aimed to investigate the efficacy of deno-
sumab for rtheumatoid arthritis (RA). This study enrolled 70
RA patients who received denosumab 60 mg subcutaneous
injection at baseline and at 6 months. Bone mineral den-
sities (BMD) of the lumbar spine, total hip, femoral neck,
and hand were measured by dual energy X-ray absorpti-
ometry. Changes in total modified Sharp score (mTSS),
erosion (EN) score, and joint space narrowing score at
baseline from 12 months before and at 12 months from
baseline. The mean values of BMD of the lumbar spine,
total hip, femoral neck, and hand significantly increased
by 7.3, 4.7, 3.9, and 5.4%, respectively, at 12 months. At
12 months from baseline, there were significant decreases
in the values of mTSS (1.13 vs. 0.59; p = 0.002) and EN
score (0.40 vs. 0.07; p < 0.001), compared with the values
at baseline from 12 months before. The existing combined
modality therapy with denosumab might be effective for
osteoporosis and joint destruction in patients with RA.
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Introduction

Rheumatoid arthritis (RA) is an inflammatory disease
that causes pain, swelling, stiffness, and loss of function
in joints throughout the body. This autoimmune disease
mainly results in progressive joint destruction and deform-
ity with varying degrees of diminished quality of life,
as well as limitations in daily activities and work [1-4].
Increased osteoclast activity in RA contributes to local
and systemic abnormalities of bone remodeling, including
bone loss and bone erosion [5]. Bone loss is thought to be
mediated by osteoclast and the receptor activator of nuclear
factor kappa P ligand (RANKL) pathway, which is a key
driver of bone destruction in RA. RANKL has been iden-
tified as an essential cytokine for differentiation, function,
formation, activation, and survival of osteoclasts [6—8]. The
known effect of RA is increase in radiographic scores of
joint destruction, including joint space narrowing and ero-
sion [9, 10].

Denosumab is a fully human monoclonal antibody that
specifically and avidly binds to human RANKL, lead-
ing to diminished survival and activation of osteoclasts to
inhibit bone resorption [7, 11]. The efficacy and safety of
denosumab were investigated in a randomized, double-
blind, placebo-controlled, phase II clinical trial of RA
patients on methotrexate in the United States. This study
showed that after 12 months of administration of both
60 and 180-mg doses of subcutaneous denosumab every
6 months, the modified Sharp erosion (EN) score signifi-
cantly decreased and the bone mineral density (BMD) of
the lumbar spine, total hip, and femoral neck significantly
increased [12]. Likewise, in Japan, a randomized, double-
blind, placebo-controlled, phase II clinical trial of patients
with RA on methotrexate treatment was performed [13].
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After 12 months of administration of 60-mg denosumab
every 6, 3, and 2 months, the EN score and BMD of the
lumbar spine and total hip significantly improved in all
groups. However, in actual practice, treatment of patients
with RA continues for a long period. The objectives of this
study were to verify the efficacy of denosumab on BMD at
12 months and joint destruction at baseline from 12 months
before, and at 12 months from baseline.

Materials and methods
Study design

This study investigated the clinical course and background
variables of RA patients who fulfilled the American Col-
lege of Rheumatology (ACR) classification criteria (1987)
and the ACR/European League against Rheumatism cri-
teria [14, 15]. This study enrolled 70 patients who were
treated with disease-modifying antirheumatic drugs
(DMARDs) for RA for more than 2 years. The patients
included postmenopausal women with a T score <—2.0
at the lumbar spine or total hip by dual energy X-ray
absorptiometry (DXA) or a previous fragility fracture. The
patients were administered denosumab 60 mg subcutane-
ous injection (SC) at baseline and at 6 months. All patients
were instructed to take daily 0.5-0.75-mg doses of elde-
calcitol, an active vitamin D3 analog. Informed consent
was obtained from the patients after explaining the study
protocol. This study was approved by the independent
ethics committee of Kamagaya General Hospital and was
undertaken following the principles of the Declaration of
Helsinki.

Study assessments

The BMDs of the lumbar spine, total hip, femoral neck,
and hand were measured by DXA (PROGIDY system;
GE Healthcare, Madison, WI, USA) at baseline and at 3,
6, and 12 months. Vertebral fractures were evaluated by
plain X-ray of the thoracic and lumbar spines at 12 months
before from baseline, baseline and 12 months. Clinical
assessments recorded at 12 months before from baseline,
baseline, 3, 6, and 12 months included C reactive protein
(CRP), erythrocyte sedimentation rate (ESR), matrix metal-
loproteinase-3 (MMP-3), disease activity score in 28 joints
(DAS28)-CRP, DSA28-ESR, and simplified disease activ-
ity index (SDAI). The bone turnover makers of N-propep-
tide of type I collagen (PINP) and tartrate-resistant acid
phosphatase-5b (TRACP-5b) were recorded at baseline and
at 3, 6, and 12 months. The radiographs were evaluated by
the van der Heijde-modified Sharp method at 12 months
before from baseline, baseline, and 12 months [16].
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The primary endpoint was percent change from base-
line in BMD of the lumbar spine, total hip, femoral neck,
and hand at 3, 6, and 12 months. The secondary endpoints
were changes in van der Heijde-modified total sharp score
(mTSS), EN score, and modified Sharp joint space nar-
rowing (JSN) score at 12 months before from baseline and
at 12 months from baseline. The rheumatologist who was
blinded to the patient information read the digitized X-ray.
Efficacy analysis included all patients who received at least
one dose of denosumab and who had baseline plus at least
one post-baseline evaluation. The demographic characteris-
tics were evaluated by analysis of variance and the Bonfer-
roni method. The percent changes at 3, 6, and 12 months
from baseline in BMD and bone turnover makers were ana-
lyzed by the paired ¢ test. Multivariate logistic regression
analysis was performed to compare between patients with
increase of 3% and more from baseline and patients with
increase of less than 3% from baseline in BMD for deter-
mine independent predictors of increase of 3% and more
from baseline in BMD at lumbar spine, total hip, femoral
neck and hand. Multivariate logistic regression analysis
was performed using the variables with p value <0.1 from
the univariate logistic regression analysis. The changes
in mTSS, JSN score, and EN score at baseline from
12 months before and at 12 months from baseline were
analyzed by paired Student’s ¢ test. At 12 months, the com-
parison between patients with and without structural remis-
sion was performed for baseline factors that may be related
to joint destruction [age, rheumatoid factor, anti-cyclic
citrullinated peptide antibody, disease duration, biological
DMARDs (bDMARD:s), methotrexate (MTX), corticoster-
oid, CRP, ESR, matrix metalloproteinase-3, DAS28-CRP,
DAS28-ESR and SDAI] using the Wilcoxon rank sum test
and Fisher’s exact test. Significance was established at
p <0.05.

Results

All 70 RA patients enrolled in this study were Japanese
women (Table 1). The changes in the number of patients
on bDMARDs, MTX, and corticosteroid, as well as the
changes in the dosage of MTX and corticosteroid, were not
significant. On the other hand, the value of DAS28-CRP at
12 months before from baseline was significantly higher
than those at baseline and 12 months.

At 3, 6, and 12 months, the percent changes from base-
line in the BMD values were 2.7 &+ 4.0% (p < 0.001),
4.8 £ 5.8% (p < 0.001), and 7.3 + 8.3% (p < 0.001),
respectively, for the lumbar spine; 1.8 & 7.0% (p = 0.056),
3.9+59% (p<0.001),and 4.7 £ 5.5% (p < 0.001), respec-
tively, for the total hip; 1.8 £ 8.9% (p = 0.127),2.7 £ 9.1%
(p < 0.05), and 3.9 + 8.3% (p < 0.001), respectively, for
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Table 1 Demographic characteristics at before 12 months from baseline (before 12 months), baseline, after 12 months from baseline (after

12 months)

Before 12 months  Baseline After 12 months  p value
Age, years (SD) 70.9 (8.8)
Body weight, kg (SD) 45.5 (6.1)
RF positive, n (%) 54 (77.1)
Anti-CCP Ab positive, n (%) 51(72.9)
Disease duration, years (SD) 15.0(11.6)
bDMARD:s use, n (%) 35 (50.0) 39 (55.7) 37 (52.9) 0.630
MTX use, n (%) 41 (58.6) 38 (54.3) 37 (52.9) 0.827
MTX dose, mg/week, mean (SD) 7.9 @3.2) 8.1 (3.6) 8.3(3.6) 0.954
Corticosteroid use, n (%) 24 (34.3) 27 (38.6) 25 (35.7) 0.904
Corticosteroid dose, mg/day, mean (SD) 3.6 (1.6) 3.5(1.9) 3.2(1.6) 0.808
CRP, mg/dL (SD) 0.47 (0.77) 0.26 (0.61)  0.32(0.90) 0.254
ESR, mm/h (SD) 26.0 (22.0) 22.3(19.0) 26.2(22.0) 0.474
MMP-3, ng/mL (SD) 95.5 (127.5) 71.9 (59.0) 76.8 (75.0) 0.278
DAS28-CRP (SD) 2.45(0.91) 2.18 (0.70)  2.12(0.82) 0.028 (before 12 months vs. baseline)

0.017 (before 12 months vs. after 12 months)

DAS28-ESR (SD) 3.06 (1.10) 2.82(0.94)  2.90(0.96) 0.356
SDAI (SD) 7.34 (5.87) 5.51(4.17)  5.74(5.13) 0.071
Presence of fragility fractures, n (%) 35 (50.0)
Lumbar spine T score, mean (SD) —2.5(1.1)
Total hip T score, mean (SD) —2.6 (0.8)

RF rheumatoid factor, Anti-CCP Ab anti-cyclic citrullinated peptide antibody, bDMARDs biological disease-modifying antirheumatic drugs,
MTX methotrexate, CRP C-reactive protein, ESR erythrocyte sedimentation rate, MMP-3 matrix metalloproteinase-3, DAS disease activity score,
SDAI simplified disease activity index; analysis of variance and Bonferroni method

the femoral neck; and 2.4 £+ 7.2% (p < 0.05), 4.4 £ 11.3%
(» <0.01), and 5.4 £ 10.5% (p < 0.001), respectively, for
the hand (Fig. 1). The percent change from baseline in
PINP were —49.2 &+ 22.7% (p < 0.001), —50.3 + 28.8%
(p < 0.001), and —42.8 & 42.2% (p < 0.001) at 3, 6, and
12 months, respectively. The percent change from base-
line in TRACP-5b were —48.5 £ 26.5% (p < 0.001),
—48.8 + 254% (p < 0.001), and —45.8 £ 33.4%
(p < 0.001) at 3, 6, and 12 months, respectively. The inci-
dence of new vertebral fractures on plain X-ray of the tho-
racic and lumbar spines was 12 patients at baseline from
12 months before and five patients at 12 months from base-
line. The relative reduction rate of new vertebral fractures
was 58.3%.

The predictors of efficacy in increase of BMD at the
lumbar spine were baseline BMD at the lumbar spine and
baseline BMD at the hand. The predictors of efficacy in
increase of BMD at the total hip were changed from base-
line at 3 months in PINP. The predictors of efficacy in
increase of BMD at the femoral neck were zero. The pre-
dictors of efficacy in increase of BMD at the hand were
baseline BMD at the hand (Table 2).

The mTSS at baseline from 12 months before sig-
nificantly decreased at 12 months from baseline (1.13 vs.

0.59; p = 0.002). The EN score at baseline from 12 months
before significantly decreased at 12 months from baseline
(0.40 vs. 0.07; p < 0.001). The JSN score at baseline from
12 months before had a tendency to decrease at 12 months
from baseline, but this was not significant (0.73 vs. 0.51;
p = 0.052) (Fig. 2). The cumulative probability plots of
mTSS, EN score and JSN score at baseline from 12 months
before and at 12 months from baseline (Fig. 3). The struc-
tural remission (change in mTSS < 0.5) rates at baseline
and 12 months were 52.9 and 61.4%, respectively. At
12 months, in comparison of baseline demographic charac-
teristics between patients with and without structural remis-
sion, there were not significant related factors (Table 3).
The adverse events were itching (1.4%) and hypocalce-
mia (1.4%). The retention rate was 98.6% at 12 months.

Discussion

Denosumab 60 mg SC every 6 months treatment signifi-
cantly increased the BMDs of the lumbar spine, total hip,
femoral neck, and hand in patients with RA at 12 months.
In particular, the BMD of the lumbar spine significantly
increased at 3 months. In the DIRECT study on Japanese
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postmenopausal women and men with osteoporosis, the
mean percent change in BMD from baseline to 24 months
was 9.1% for the lumbar spine, 4.6% for the total hip, and
4.0% for the femoral neck [17]. In the FREEDOM trial
on postmenopausal women with osteoporosis, the mean
percent change in BMD from baseline to 36 months was
9.2% for the lumbar spine and 6.0% for the total hip [18].
On the other hand, in the DRIVE trial on Japanese women
and men with RA treated with denosumab 60 mg SC every
6 months, mean BMD percent change from baseline to
12 months was about 4% for the lumbar spine and about
2% for the total hip [13]. Another study on a similar set of
patients showed that the mean BMD percent change from
baseline to 12 months was 3.0% for the lumbar spine and
1.6% for the total hip [12]. In this study, the mean percent
change in BMD from baseline to 12 months was 8.3% for
the lumbar spine and 4.7% for the total hip. Moreover, the

@ Springer

BMD of the hand, which contains much cortical bone,
was significantly increased at 12 months in this study.
In patients with RA, loss of BMD in the hand is predic-
tive of worse hand function; denosumab inhibition of this
BMD loss may help prevent functional deterioration of
the hand [19]. Although patient backgrounds were differ-
ent, the results of this study were better than those of pre-
vious reports in increasing BMD at the lumbar spine and
total hip, probably because our study patients were taking
active vitamin D3 analog, had low RA disease activity, and
high rate of bDMARDs use at baseline. Infliximab therapy
for patients with RA was demonstrated to have beneficial
effects on increasing BMD at the lumbar spine or total hip
[20, 21]. In vitro, exposure of human osteoclast precursors
to abatacept led to rapid downregulated expression of oste-
oclast marker genes [22]. In this study on Japanese patients
with RA, denosumab treatment was shown to significantly
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Table 2 .T}.1e predictors of Related factors Estimate Std. error z value p value
efficacy in increase of BMD
at lumbar spine, total hip, . Lumbar spine
fﬁ{ﬁﬁi *;lr i“;zklj;‘i t}i‘f‘;ggt’zszf;‘;g Baseline DAS28-CRP —0.844 0.465 —1817  0.069
analysis Baseline BMD at lumbar spine —5.427 02.523 —2.145 0.032*
Baseline BMD at hand 19.456 7.959 2.445 0.015%
Total hip
Baseline BMD at femoral neck —6.019 7.889 —-0.763 0.446
Baseline BMD at hand —11.139 7.957 —1.400 0.162
Change from baseline at 3 months in PINP —0.072 0.024 —3.008 0.003%*%*
Change from baseline at 6 months in PINP 0.013 0.015 0.912 0.362
Baseline TRACP-5b 0.003 0.002 1.195 0.232
Femoral neck
Corticosteroid use —1.012 0.543 —1.864 0.062
Baseline BMD at femoral neck —5.439 3.445 —1.579 0.114
Change from baseline at 3 months in PINP —0.019 0.012 —1.616 0.106
Hand
Baseline DAS28-CRP 0.491 0.425 1.157 0.247
Baseline BMD at hand —16.931 7.429 —2.279 0.023*
Change from baseline at 3 months in TRACP-5b 0.026 0.014 1.892 0.059
Change from baseline at 3 months in TRACP-5b —0.003 0.014 —0.201 0.841
CRP C-reactive protein, OR odds ratio, DAS disease activity score, BMD bone mineral density, PINP
N-propeptide of type I collagen, TRACP-5b tartrate-resistant acid phosphatase-5b
Statistical significance was assessed by multivariate logistic regression analysis: * p < 0.05, ** p < 0.01
35 * increase the BMDs of the lumbar spine, total hip, femoral
[ ] neck, and hand regardless of changes in other therapies and
3 == disease activity. Moreover, the efficacy of increase BMD
at the lumbar spine depends on baseline BMD at the lum-
2.5 bar spine and the hand rather than disease activity of RA,
although no patients with high disease activity in DAS28-
2 == ESR were present at baseline. We assume that the effect of
denosumab may be more easily manifested in patients with
L5 controlled disease activity like those in this study.
T One of the goals of RA treatment is structural remis-
1 sion. In this study, joint destruction at 12 months from the
start of denosumab treatment was significantly reduced.
0.5 In particular, the EN score was extremely suppressed. In
one study on Japanese RA patients on DAS28-CRP 3.63
0 and MTX use, the change in EN score from baseline to
AmTSS 4EN AISN 12 months was 0.27 [13]. MRI showed that hand erosion
®baseline 12 months was lower in RA patients on denosumab 60 mg SC treat-

Fig. 2 Change in modified total sharp score, erosion score, and joint
space narrowing score at baseline from 12 months before and at
12 months from baseline. m7SS modified total sharp score, EN ero-
sion score, JSN joint space narrowing score, baseline at baseline from
12 months before, 12 months at 12 months from baseline, vertical bar
standard deviation

ment compared with placebo [23]. In this study, differences
in disease activity at before 12 months and at baseline may
have led to this result. In RA patients with positive rheu-
matoid factor, disease activity causes joint destruction [24].
However, considering the reduction rate, we think that den-
osumab was involved in the suppression of bone erosion.
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Fig. 3 Change in van der
Heijde-modified total sharp
score represented by cumula-
tive probability plots at baseline
from 12 months before and at
12 months from baseline; a
mTSS, b EN score and ¢ JSN
score. mTSS modified total
sharp score, EN erosion score,
JSN joint space narrowing
score, baseline at baseline from
12 months before, 12 months at
12 months from baseline, circle
plot baseline, triangle plot

12 months
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Tabl(? 3 Comparisop of With structural remission Without structural remission p value

baseline demographic =43 n=27

characteristics between patients

with structural remission Age, mean (SD) 70.2 (8.9) 72.0 (8.7) 0.550

fgig’:;i zvt‘tlhzo E:;:t‘fl‘:“ml RF positive, 7 (%) 33 (76.7) 21 (77.8) 1.000
Anti-CCP Ab positive, n (%) 31(72.1) 20 (74.1) 1.000
Disease duration, years (SD) 15.4 (12.1) 14.2 (10.9) 0.809
bDMARD:s use, n (%) 26 (60.5) 13 (48.1) 0.335
MTX use, n (%) 21 (48.8) 17 (63.0) 0.326
Corticosteroid use, n (%) 15 (34.9) 12 (44.4) 0.458
CRP, mg/dL (SD) 0.16 (0.22) 0.41 (0.94) 0.293
ESR, mm/h (SD) 23.3(18.9) 20.7 (19.2) 0.277
MMP-3, ng/mL (SD) 62.4 (47.2) 86.9 (72.6) 0.149
DAS28-CRP (SD) 2.05 (0.60) 2.37 (0.80) 0.114
DAS28-ESR (SD) 2.80 (0.88) 2.85 (1.05) 0.880
SDAI (SD) 4.93 (3.57) 6.43 (4.91) 0.232

RF rheumatoid factor, Anti-CCP Ab anti-cyclic citrullinated peptide antibody, bDMARDs biological dis-
ease-modifying antirheumatic drugs, MTX methotrexate, CRP C-reactive protein, ESR erythrocyte sedi-
mentation rate, MMP-3 matrix metalloproteinase-3, DAS disease activity score, SDAI simplified disease

activity index

Wilcoxon rank sum test and Fisher’s exact test: * p < 0.05

In fact, the structural remission rate increased to 8.5%.
Moreover, in mTSS and EN scores, the rates of patients
with joint destruction progress at 12 months from the base-
line were 10.0 and 5.7%, respectively. The DAS28-ESR of
the patients with and without structural remission was 2.80
and 2.85, respectively. Denosumab had no influence on
improvement of disease activity as DAS28-CRP, DAS28-
ESR and SDALI in this study. These results were similar to
those of previous reports [12, 13]. Our results suggest that
add-on denosumab treatment might suppress progressive
joint destruction in patients with RA.

In conclusion, our study demonstrated that denosumab
increased the BMDs of the lumbar spine, total hip, femoral
neck and hand, and suppressed joint destruction of Japa-
nese patients with RA. The existing RA treatment combin-
ing modality therapy with denosumab might be effective
for osteoporosis and joint destruction in patients with RA
in whom disease activity can be controlled like those in this
study, especially.

Limitations

This study had some limitations. This study had a small
sample size; thus, the results would likely change if the
case number was higher. Because this study did not have a
control group, we could not clarify the relationship between
RA and BMD in the general population. Moreover, the
results of this study are undeniably the impact of RA treat-
ment. In the future, a prospective study of the same patient
backgrounds such as age and RA treatment would be nec-
essary to conclude in regard to the effect of denosumab.
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