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Abstract

Background: This exploratory study compared the inhibition of bone erosion progression in rheumatoid arthritis
(RA) patients treated with a conventional synthetic disease-modifying anti-rheumatic drug (csDMARD) plus deno-
sumab versus csDMARD therapy alone and investigated the effects of denosumab on bone micro-architecture and
other bone-related parameters using high-resolution peripheral quantitative computed tomography (HR-pQCT).

Methods: In this open-label, randomized, parallel-group study, patients with RA undergoing treatment with a csD-
MARD were randomly assigned (1:1) to continue csDMARD therapy alone or to continue csDMARDs with denosumab
(60-mg subcutaneous injection once every 6 months) for 12 months. The primary endpoint was the change from
baseline in the depth of bone erosion, measured by HR-pQCT, in the second and third metacarpal heads at 6 months
after starting treatment. Exploratory endpoints were also evaluated, and adverse events (AEs) were monitored for
safety.

Results: In total, 46 patients were enrolled, and 43 were included in the full analysis set (csDMARDs plus denosumab,
N =21; csDMARD therapy alone, N = 22). Most patients were female (88.4%), and the mean age was 65.3 years. The
adjusted mean (95% confidence interval) change from baseline in the depth of bone erosion, measured by HR-pQCT,
in the 2-3 metacarpal heads at 6 months was — 0.57 mm (— 1.52,0.39 mm) in the csDMARDs plus denosumab group
vs — 0.22 mm (= 0.97,0.53 mm) in the csDMARD therapy alone group (between-group difference: — 0.35 mm [—
1.00,0.31]; P = 0.2716). Similar results were shown for the adjusted mean between-group difference in the width and
volume of bone erosion of the 2-3 metacarpal heads. Significant improvements in bone micro-architecture param-
eters were shown. The incidence of AEs and serious AEs was similar between the csDMARDs plus denosumab and the
csDMARD therapy alone groups (AEs: 52.2% vs 56.5%; serious AEs: 4.3% vs 8.7%).

Conclusions: Although the addition of denosumab to csDMARDs did not find statistically significant improvements
in bone erosion after 6 months of treatment, numerical improvements in these parameters suggest that the addi-
tion of denosumab to csDMARDs may be effective in inhibiting the progression of bone erosion and improving bone
micro-architecture.

Trial registration: University Hospital Medical Information Network Clinical Trials Registry, UMIN0O00030575. Japan

Registry for Clinical Trials, jJRCTs071180018

Keywords: Bone erosion, csDMARDs, Denosumalb, HR-pQCT, Rheumatoid arthritis

Background
Rheumatoid arthritis (RA) is a chronic, progressive,
inflammatory autoimmune disease that is characterized
by persistent inflammation of the synovial membrane
(synovitis) [1-3]. Clinical symptoms include pain, swell-
ing, stiffness of multiple joints, fever, and malaise. Bone
erosions develop early in the course of this disease, lead-
ing to irreversible joint damage and physical disability.

Denosumab is a fully human monoclonal immuno-
globulin G2 antibody specific to the receptor activator
of nuclear factor-xB ligand (RANKL) that suppresses
bone resorption by competitive inhibition of RANKL [4].
RANKL-RANK signaling is essential for osteoclast devel-
opment, activation, and survival [5]. Clinical research has
shown that denosumab is effective in increasing bone
mineral density (BMD) and reducing fragility fractures in
patients with osteoporosis [6]. Denosumab has also been
shown to be effective in suppressing bone destruction in
patients with RA [7-9].

The DESIRABLE study was a multicenter, randomized,
double-blind, placebo-controlled phase 3 trial con-
ducted in Japan to evaluate the efficacy of denosumab in

suppressing joint destruction when added to a conven-
tional synthetic disease-modifying anti-rheumatic drug
(csDMARD) in patients with RA [9]. Dual-energy X-ray
absorptiometry of the lumbar spine and hand and foot
X-ray indicated that denosumab significantly increased
BMD and inhibited the progression of bone erosion (an
important indicator of disease severity and progression)
in RA patients after 12 months of treatment.

In 2017, denosumab was approved in Japan for the
indication of inhibiting the progression of bone ero-
sion associated with RA [10]. Although the effectiveness
and safety of denosumab in patients with RA have been
established from clinical trial data [7-9], there remain
clinical questions to be explored, such as the prognosis
after treatment with denosumab in clinical practice in
terms of changes in joint destruction and periarticular
bone micro-architecture.

High-resolution peripheral quantitative computed
tomography (HR-pQCT) is a relatively new technique
that uses a three-dimensional imaging modality [11]. HR-
pQCT achieves a higher spatial resolution than conven-
tional methods such as X-ray, CT, or magnetic resonance
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imaging (MRI), with the advantage of relatively low radi-
ation exposure, and allows the assessment of the bone
micro-architecture, which cannot be evaluated with
conventional methods. Of note, this imaging modality
allows for a quantitative evaluation of bone erosion by
measuring the depth, volume, and width of bone erosion
at peripheral sites [12]. To date, the use of HR-pQCT in
clinical trials of denosumab has been limited [13].

The primary objective of this study was to compare the
inhibition of bone erosion progression in RA patients
treated with a csDMARDs plus denosumab versus csD-
MARD therapy alone [14]. The secondary objectives
were to investigate the effects of denosumab on bone
micro-architecture, osteitis, joint destruction, and peri-
articular osteoporosis in RA patients using HR-pQCT
and to examine the effect of denosumab on bone erosion
independent of inflammation.

Methods

Study design

Details of the study design and protocol have been
described previously [14]. This was an exploratory, open-
label, randomized, parallel-group study, which was con-
ducted from March 2018 to April 2021. Although the
study was originally planned to be conducted at a single
site, a decision was made in September 2019 to expand
this to a multicenter study. RA patients undergoing treat-
ment with a csDMARD were randomly assigned (1:1) to
continue csDMARD therapy and either receive additional
treatment with denosumab (csDMARDs plus denosumab
group) or to continue with csDMARDs alone (csDMARD
therapy alone group) for a period of 12 months. The allo-
cation method used was the minimization method, and
random allocation was performed automatically on the
allocation system. The allocation factors were the pres-
ence or absence of anti-cyclic citrullinated peptide (CCP)
antibodies and sex.

The study protocol was approved by the Nagasaki Uni-
versity Hospital Clinical Research Ethics Committee and
the Clinical Research Review Board in Nagasaki Univer-
sity, and the study was conducted in accordance with the
principles of the Declaration of Helsinki and Clinical Tri-
als Act (since February 2019). All patients provided writ-
ten informed consent. This study was registered at the
University Hospital Medical Information Network Clini-
cal Trials Registry under the identifier UMIN000030575
and at the Japan Registry for Clinical Trials under the
identifier jJRCTs071180018.

Patients

Patients who fulfilled all of the following criteria were
included in this study: age > 20 years, with a diagnosis
of RA based on the American College of Rheumatology
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(ACR) RA Classification Criteria 1987 Revision or ACR/
European Alliance of Associations for Rheumatology
(EULAR) 2010 RA Classification Criteria [15, 16], with
low to moderate disease activity as defined by the Disease
Activity Score in 28 joints for RA with erythrocyte sedi-
mentation rate (DAS28-ESR), receiving treatment with
any ¢sDMARD, and with progressive bone erosion of
the wrist or any metacarpal head (not limited to the 2-3
metacarpal heads) confirmed by X-ray, MRI, or musculo-
skeletal ultrasound imaging.

The main exclusion criteria were as follows: patients
with osteoporosis who had not received treatment for
osteoporosis; patients undergoing treatment with intra-
venous bisphosphonate, parathyroid hormone analog,
denosumab, any biologic DMARD, a JAK inhibitor, or
a corticosteroid equivalent of more than 10 mg/day of
prednisolone; hypersensitivity to denosumab or any of
its components; patients with hypocalcemia; pregnant
patients; and those judged as inappropriate by the inves-
tigator to participate in the study.

Treatment

Patients in the c¢sDMARDs plus denosumab group
received 60-mg denosumab administered by subcutane-
ous injection once every 6 months during the 12-month
study period, and daily oral vitamin D and calcium
supplements were also initiated. Patients in this group
who had received any oral bisphosphonate or selective
estrogen receptor modulator before study entry were
to discontinue these drugs before initiating treatment
with denosumab. Patients in the c¢sDMARD therapy
alone group continued their treatment throughout the
study period. In this group, patients continued oral bis-
phosphonate or selective estrogen receptor modulator
during the study. All study participants were to con-
tinue treatment with at least one csDMARD through-
out the study period. Switching from one csDMARD to
another, adding a new ¢csDMARD, discontinuing a part
of the csDMARD therapy, and modifying the dose of
¢sDMARD therapy within the dose range approved in
Japan were allowed during the study period. Additional
details of the study treatment have been described pre-
viously [14].

Efficacy endpoints

The primary endpoint was the change from baseline in
the depth of bone erosion as measured by HR-pQCT
in the 2-3 metacarpal heads at 6 months after starting
treatment. Secondary endpoints included changes from
baseline in the width and volume of bone erosion as
measured by HR-pQCT in the 2-3 metacarpal heads and
changes from baseline in the depth of bone erosion in the
2-3 metacarpal heads at 12 months.
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Exploratory endpoints

Disease activity was assessed by the DAS28-ESR, and
joint destruction was assessed by MRI and HR-pQCT.
The following exploratory endpoints were evaluated:
using HR-pQCT, changes from baseline in periarticular
volumetric BMD (vBMD) and bone micro-architecture
of the 2—-3 metacarpal heads; using MRI, changes from
baseline in the extent of osteitis (osteitis score) in the
metacarpal head and wrist joints and change from base-
line in the extent of bone erosion (bone erosion score);
using musculoskeletal ultrasound, changes from baseline
in synovitis score; using X-ray measurements, change
from baseline in bone erosion score, joint space nar-
rowing (JSN) score, modified total Sharp score (mTSS),
and joint destruction score (the sum of erosion and JSN
scores of the 2—3 metacarpal heads); change from base-
line in DAS28-ESR; and change from baseline in bone
and cartilage biomarkers, including procollagen type
I N-terminal propeptide, tartrate-resistant acid phos-
phatase-5b, and matrix metalloproteinase-3.

Safety endpoints

The incidence of adverse events (AEs), serious AEs, and
adverse drug reactions (ADRs) was evaluated. ADRs
were defined as AEs that were judged to be “related” to
denosumab in a causal relationship. AEs were coded by
System Organ Class and Preferred Term using the Japa-
nese version of the Medical Dictionary for Regulatory
Activities, version 23.1.

Statistical methods

Sample size calculations have been described previously
[14]. The target sample size was set at 44 patients (22
patients per cohort). In accordance with the intention-
to-treat principle, efficacy was assessed using the full
analysis set (FAS), defined as all enrolled patients with
HR-pQCT measurements available both at baseline and
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6 months. Safety was evaluated using the safety analysis
set, defined as all patients who were randomly assigned
to treatment.

The number and percentage of patients were calculated
for categorial variables, and the mean and standard devi-
ation were calculated for continuous data. For the pri-
mary endpoint, a linear mixed effect model analysis was
performed using treatment group, baseline values of the
endpoint, sex, anti-CCP antibody (positive vs negative),
and baseline disease activity (DAS28-ESR) as fixed effects
and patients as random effects. For extension data includ-
ing 12 months, measurement time point and the interac-
tion between the treatment group and measurement time
point were added as fixed effects. The model estimation
method was the restricted maximum likelihood estima-
tion, the covariance structure was unstructured, and the
calculation method for the degree of freedom was the
Kenward—Roger. Adjusted mean change from baseline by
time point, the differences of adjusted mean change, and
95% confidence intervals (CI) for the above models were
estimated.

For exploratory endpoints, descriptive statistics were
calculated for measured values in each treatment group
and observation point using the FAS as the analysis pop-
ulation. In addition, the adjusted mean, the difference,
and the 95% Cls for each treatment group and each time
point were estimated using the same model as above. P
values < 0.05 were considered significant. All statistical
analyses were performed using SAS software version 9.4
(SAS Institute Inc., Cary, NC, USA).

Results
Patients
A total of 46 patients were enrolled and included in
the safety analysis set (23 patients in each group). Two
patients were excluded from the csDMARDs plus den-
osumab group, and one patient was excluded from the

Enrolled: N = 46

Safety analysis set: N = 23

] Excluded (no HR-pQCT data): N=2 |

¢csDMARDs plus denosumab group; |

| Full analysis set: N = 21 |

—| Discontinued (patient request): N = 1 I

| Completed the study: N = 20 I

quantitative computed tomography

Safety analysis set: N = 23

1 Excluded (no HR-pQCT data): N = 1

csDMARD therapy alone group; |

| Full analysis set: N = 22 |

—| Discontinued (adverse event): N = 1 I

| Completed the study: N = 21 |

Fig. 1 Patient disposition. csDMARD, conventional synthetic disease-modifying anti-rheumatic drug; HR-pQCT, high-resolution peripheral
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c¢sDMARD therapy alone group because they did not
have HR-pQCT measurements available at either 0
or 6 months. Therefore, 43 patients were included in
the FAS (csDMARDs plus denosumab group, N = 21;
c¢sDMARD therapy alone group, N = 22) (Fig. 1). One
patient in the csDMARDs plus denosumab group dis-
continued the study due to the patient’s own request to
change or discontinue treatment, and one patient in the
csDMARD therapy alone group discontinued the study
due to an AE.

Overall, patient background characteristics were simi-
lar between the groups (Table 1). Most patients were
female (88.4%), the mean age was 65.3 £ 8.8 years, the
mean duration of RA was 156.4 £ 139.0 months, and
most patients had a duration of RA > 3 years (81.0%).
Ten patients had a history of fracture, and the frac-
ture sites as events were one vertebra, one rib, and four
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other sites in the csDMARDs plus denosumab group
and two humeri, one radius, and three other sites in the
¢sDMARD therapy alone group. More than half of the
patients (60.5%) had osteoporosis as a complication. The
proportions of patients with erosions of the 2—-3 meta-
carpal heads were 38.1% (8/21) in the csDMARDs plus
denosumab group and 59.1% (13/22) in the csDMARD
therapy alone group. Of note, the proportion of patients
who used a glucocorticoid was 47.6% (10/21) in the csD-
MARDs plus denosumab group compared with 18.2%
(4/22) in the csDMARD therapy alone group and that of
patients who used bisphosphonates was 0% and 18.2%
(4/22), respectively. The distribution of csDMARD use
also differed between the two groups. Methotrexate and
salazosulfapyridine were used more frequently in the
¢sDMARDs plus denosumab group (90.5% and 33.3%,
respectively) compared with the csDMARD therapy

Table 1 Baseline patient demographic and clinical characteristics (full analysis set)

csDMARD:s plus denosumab

csDMARD therapy alone

(N=21) (N=22)

Female sex 18 (85.7) 20(90.9)
Age, years 65.6 £ 8.5 65.0+9.2

> 65 years 12(57.1) 11 (50.0)
Body mass index, kg/m? 22944342 2264 +448
Duration of rheumatoid arthritis, months 1623 £ 1513 1505 £129.0

< 6 months 1(4.8) 0(0.0)

6 to < 36 months 4(19.0) 3(143)

> 36 months 16 (76.2) 18 (85.7)
Osteoporosis 15(71.4) 11 (50.0)
Prior fracture 5(23.8) 5(22.7)
Medical history other than fracture

Knee arthroplasty 1 (4. 0(0.0)

Tonsillectomy 1 (4. 0(0.0)
Bone erosion (HR-pQCT of 2-3 metacarpal heads) 8(38.1) 13 (59.1)
Anti-CCP antibody-positive 16 (76.2) 17 (77.3)
Rheumatoid factor-positive 17 (81.0) 18 (81.8)
Concomitant medications

Vitamin D and calcium 21(100.0) 14 (63.6)

Bisphosphonates 0(0.0) 4(18.2)

Glucocorticoids 10 (47.6) 4(18.2)
csDMARDs 21(100.0) 22 (100.0)

Methotrexate 19 (90.5) 16 (72.7)

Salazosulfapyridine 7(33.3) 3(13.6)

Tacrolimus hydrate 1(4.8) 3(13.6)

Iguratimod 1(4.8) 2(9.1)

Bucillamine 0(0.0) 3(13.6)
DAS28-ESR 3.064 £ 0.834 3.041 £ 0.879

Data are shown as n (%) or mean + SD

CCP cyclic citrullinated peptide, csDMARD conventional synthetic disease-modifying anti-rheumatic drug, DAS28-ESR Disease Activity Score in 28 joints for rheumatoid
arthritis with erythrocyte sedimentation rate, HR-pQCT high-resolution peripheral quantitative computed tomography, SD standard deviation
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csDMARDs csDMARD
plus denosumab therapy alone
8/17) (13/24)
° 0.6 _
£ -
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(-1.00, 0.31), P = 0.2716

Fig. 2 Adjusted mean change from baseline in bone erosion depth
of the 2-3 metacarpal heads at 6 months. Assessed by HR-pQCT
(primary endpoint, full analysis set). Error bars represent 95% Cl.
Numerators reflect the number of patients with available data

on erosion parameters, and denominators, the number of bone
erosions. P value is the statistical difference in the csDMARDs plus
denosumab vs csDMARD therapy alone group. For adjusted mean

as the primary endpoint, a linear mixed effect model analysis was
performed using treatment group, sex, anti-CCP antibody (positive
vs negative), and baseline DAS28-ESR as fixed effects; patients

as random effects; and baseline values as covariates. CCP, cyclic
citrullinated peptide; Cl, confidence interval; csDMARD, conventional
synthetic disease-modifying anti-rheumatic drug; DAS28-ESR, Disease
Activity Score in 28 joints for rheumatoid arthritis with erythrocyte
sedimentation rate as fixed effects; HR-pQCT, high-resolution
peripheral quantitative computed tomography
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alone group (72.7% and 13.6%, respectively). Conversely,
tacrolimus hydrate, iguratimod, and bucillamine were
used more frequently in the csDMARD therapy alone
group (13.6%, 9.1%, and 13.6%, respectively) compared
with the csDMARDs plus denosumab group (4.8%, 4.8%,
and 0%, respectively).

Efficacy endpoints

The adjusted mean change from baseline in the depth
of bone erosion as measured by HR-pQCT in the 2-3
metacarpal heads at 6 months after starting treatment
(primary endpoint) was — 0.57 mm (95% CIL: — 1.52, 0.39
mm) in the csDMARDs plus denosumab group vs — 0.22
mm (95% CL: — 0.97, 0.53 mm) in the csDMARD ther-
apy alone group (Fig. 2 and Additional file 1: Table S1).
The adjusted mean difference in the primary endpoint
between the two groups was — 0.35 mm (95% CI: — 1.00,
0.31; P = 0.2716).

The results of the secondary endpoints are summarized
in Table 2. As mentioned above, the statistical methods
for the adjusted mean were different for the primary and
secondary endpoints. Similar results were shown for the
adjusted mean difference between the two groups in the
depth (change from baseline to month 12: — 0.35 mm
95% CI: — 0.95, 0.24; P = 0.2251), width (change from
baseline to month 6: — 0.20 mm, 95% CI: — 0.81, 0.40; P
= 0.4953; change from baseline to month 12: — 0.24 mm,
95% CI: — 0.85, 0.38; P = 0.4364), and volume (change
from baseline to month 6: — 4.51 mm?, 95% CL: — 16.67,

Table 2 Change from baseline in bone erosion parameters evaluated by HR-pQCT (full analysis set)

Month c¢sDMARDs plus denosumab csDMARD therapy alone

(N=21)

Difference (csDMARDs plus
denosumab — csDMARD therapy
alone)

(N=22)

n Adjusted mean [95% CI] n

Adjusted mean [95% CI] Adjusted mean [95% Cl]
Pvalue

Bone erosion depth of the 2-3 6
metacarpal heads, mm

12
Bone erosion width of the 2-3 6
metacarpal heads, mm

12
Bone erosion volume of the 2-3 6
metacarpal heads, mm3

12

17 —046[-1.31,039]

17 —056[— 141,029

17 —0.26[-1.10,0.57]

17 —0.27[-1.10,0.56]

16 —6.21[—23.89,11.46]

17 —6.25[—23.94,11.44]

25 —0.20[-0.89,049] —0.27[-0.86,032]

P=0.3486

22 —020[-0.90,049] —0.35[—0.95,0.24]
P=0.2251

25 —006[-0.73,061] —0.20[— 0.81,040]
P =04953

22 —0.03[-0.70,0.64] —0.24[-0385,038]
P =04364

24 —171[=16.07,12.66] —451[-1667,7.65]
P=04379

21 —3.18[—-17.56,11.20] —3.07[-1532,9.17]
P=05979

Data are shown as adjusted mean [95% Cl] unless otherwise indicated

n is the number of bone erosions

For adjusted mean, a linear mixed effect model analysis was performed using treatment group, sex, anti-CCP antibody (positive vs negative), baseline DAS28-ESR,
measurement time point, and the interaction between the treatment group and measurement time point as fixed effects; patients as random effects; and baseline

values as covariates

CCP cyclic citrullinated peptide, C/ confidence interval, csDMARD conventional synthetic disease-modifying anti-rheumatic drug, DAS28-ESR Disease Activity Score in
28 joints for rheumatoid arthritis with erythrocyte sedimentation rate as fixed effects, HR-pQCT high-resolution peripheral quantitative computed tomography
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7.65; P = 0.4379; change from baseline to month 12: —
3.07 mm?, 95% CI: — 15.32, 9.17; P = 0.5979) of bone
erosion in the 2—3 metacarpal heads.

Exploratory endpoints

The difference in the percentage change in periarticu-
lar vBMD of the 2-3 metacarpal heads by HR-pQCT
from baseline to month 12 between the csDMARDs
plus denosumab group and the csDMARD therapy
alone group was 4.03% (95% CI: 1.28, 6.78, P = 0.0049)
(Table 3). Similar results were obtained in trabecular
bone volume fraction (BV/TV) (difference in % change
3.10%, 95% CI: 0.97, 5.22; P = 0.0050), trabecular thick-
ness (Tb.Th) (difference in % change 1.57%, 95% CI:
0.06, 3.09; P = 0.0421), and trabecular separation (Tb.
Sp) (difference in % change — 4.14%, 95% CI: — 8.07, —
0.20; P = 0.0397).

The percent change values of other exploratory end-
points evaluated by MRI, musculoskeletal ultrasound,
and X-ray are summarized in Table 4 and Additional
file 1: Table S2. The between-group difference in the
percentage change in total osteitis score by MRI from
baseline to month 12 was 26.04% (95% CI: — 51.02,
103.09; P = 0.5006); bone erosion score by MRI, — 6.65%
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(95% CI: — 26.65, 13.35; P = 0.5085); and power Dop-
pler (PD) score by musculoskeletal ultrasound, 12.82%
(95% CI: — 74.02, 99.67; P = 0.7645). Regarding the
changes from baseline in bone erosion scores by X-ray,
the results showed that bone erosion was suppressed
at both months 6 and 12 in the csDMARDs plus deno-
sumab group compared with the csDMARD therapy
alone group, although the differences were not statisti-
cally significant. These results were consistent with the
HR-pQCT results.

The actual values of bone micro-architecture param-
eters evaluated by HR-pQCT, MRI, musculoskeletal
ultrasound, and X-ray are shown in Additional file 1:
Table S3. The adjusted mean change in the bone erosion
score of total 2-3 metacarpal heads and wrist joints by
MRI from baseline to months 6 and 12 was — 0.7 (95%
CI: — 2.1, 0.7; P = 0.2993) and — 0.4 (95% CIL: — 1.9, 1.0;
P = 0.5680), respectively. The adjusted mean change in
total number of bone erosions at both hands by muscu-
loskeletal ultrasound from baseline to months 6 and 12
was — 0.4 (95% CL: — 0.9, 0.2; P = 0.2030) and — 0.6 (95%
CIL: — 1.2, 0.0; P = 0.0491), respectively.

The mean DAS28-ESR at each evaluation time point
and mean change from baseline to months 6 and 12 are

Table 3 Change from baseline in bone micro-architecture parameters evaluated by HR-pQCT (full analysis set)

Month c¢sDMARDs plus denosumab csDMARD therapy alone

(N=21)

Difference (csDMARDs plus

(N=22) denosumab — csDMARD therapy

alone)
n Adjusted mean[95% Cl] n Adjusted mean [95% CI] Adjusted mean [95% Cl]
P value
vBMD of the 2-3 metacarpal heads, % 6 42 4571[2.12,7.03] 44 217 [—0.39,4.74] 240 [—0.29,5.10]
P =0.0791
12 38 6.901[4.37,9.43] 42 2.871[0.29,545] 403[1.28,6.78]
P =0.0049
BV/TV of the 2-3 metacarpal heads, % 6 42 3.88[1.98,5.77] 44 177 [—0.21,3.76] 2.111[0.03,4.19]
P=0.0473
12 38 541[345,7.36] 42 2311[031,4.31] 3.10[0.97,5.22]
P =0.0050
Th.Th of the 2-3 metacarpal heads, % 6 42 1.511[0.24,2.78] 44 051[-081,1.83] 1.00 [— 047, 2.46]
P=0.1799
12 38 237[1.02,371] 42 0.80[—053,212] 1.57 [0.06, 3.09]
P=10.0421
Th.Sp of the 2-3 metacarpal heads, % 6 42 —246[—5.89,098] 44 038 [—3.15,392] — 284 [—6.67,099]
P=0.1431
12 38 —2.18[-5.78,141] 42 195[—161,551] —4.14[—8.07,—0.20]
P=0.0397

Data are shown as adjusted mean [95% Cl] unless otherwise indicated

n is the number of joints evaluated

For adjusted mean, a linear mixed effect model analysis was performed using treatment group, sex, anti-CCP antibody (positive vs negative), baseline DAS28-ESR,
measurement time point, and the interaction between the treatment group and measurement time point as fixed effects; patients as random effects; and baseline

values as covariates

BV/TV trabecular bone volume fraction, CCP cyclic citrullinated peptide, CI confidence interval, csDMARD conventional synthetic disease-modifying anti-rheumatic
drug, DAS28-ESR Disease Activity Score in 28 joints for rheumatoid arthritis with erythrocyte sedimentation rate, HR-pQCT high-resolution peripheral quantitative
computed tomography, Tb.Sp trabecular separation, Tb.Th trabecular thickness, vBMD volumetric bone mineral density
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Table 4 Change from baseline in other exploratory endpoints evaluated by MRI, musculoskeletal ultrasound, and X-ray (full analysis

set)
Month <¢sDMARDs plus denosumab c¢sDMARD therapy alone Difference (csDMARDs plus
(N=21) (N=22) denosumab — csDMARD therapy
alone)
N Adjusted mean [95% CI] N Adjusted mean [95% CI] Adjusted mean [95% Cl]
P value
Total osteitis score of the metacar- 6 17 745 [— 55.95,70.86)] 18 28.87 [— 38.70,96.44] — 2142 [— 97.14,54.30]
pal heads and wrist joints by MRI, % P=0.5725
12 16 47.79 [— 1834, 113.92] 17 21.75 [— 46.33,89.84] 26.04 [— 51.02, 103.09]
P =0.5006
Bone erosion score of the metacar- 6 18 449[—1267,21.64] 19 5.16[— 11.69,22.02] — 068 [— 19.81, 18.45]
pal heads and wrist joints by MRI, % P =0.9438
12 16 1342 [—4.89,31.72] 18 20.07 [3.04,37.09] — 6.65[— 2665, 13.35]
P =0.5085
PD score in both hands by musculo- 6 14 3761 [—36.73,111.95] 15 41.50 [— 36.00, 118.99] — 3.88[—90.12,82.35]
skeletal ultrasound, % P=09271
12 13 36.57 [—39.34,11248] 15 23.75[— 53.75,101.24] 12.82 [— 74.02,99.67]
P =0.7645
mTSS by X-ray, % 6 19 —1.66[— 15389, 1257] 20 2.51[— 11.53,16.55] —4.17[—20.16,11.82]
P =0.6044
12 18 10.05 [— 5.05,25.14] 19 797 [—6.24,22.18] 2.08[— 14.42,1857]
P =0.8024

Data are shown as adjusted mean [95% Cl] unless otherwise indicated
N is the number of patients with available data

For adjusted mean, a linear mixed effect model analysis was performed using treatment group, sex, anti-CCP antibody (positive vs negative), baseline DAS28-ESR,
measurement time point, and the interaction between the treatment group and measurement time point as fixed effects; patients as random effects; and baseline
values as covariates

CCP cyclic citrullinated peptide, C/ confidence interval, csDMARD conventional synthetic disease-modifying anti-rheumatic drug, DAS28-ESR Disease Activity Score in
28 joints for rheumatoid arthritis with erythrocyte sedimentation rate, MR/ magnetic resonance imaging, m7SS modified total Sharp score, PD power Doppler

Table 5 Change from baseline in DAS28-ESR results (full analysis set)

Month csDMARD:s plus denosumab c¢sDMARD therapy alone Difference (csDMARDs plus
(N=21) (N=22) denosumab — csDMARD therapy
alone)
N Adjusted mean [95% Cl] N Adjusted mean [95% Cl] Adjusted mean [95% Cl]
Pvalue
DAS28-ESR 6 21 — 0.56 [— 1.08, — 0.05] 21 — 054 [— 1.08, — 0.01] — 0.02 [- 0.60, 0.56]
P=10.9470
12 19 —0.79[—1.32,—-0.26] 21 —0.31[—0.84,0.23] —048[—1.07,0.11]
P=0.1087

Data are shown as adjusted mean [95% Cl] unless otherwise indicated
N is the number of patients with available data

For adjusted mean, a linear mixed effect model analysis was performed using treatment group, sex, anti-CCP antibody (positive vs negative), baseline DAS28-ESR,
measurement time point, and the interaction between the treatment group and measurement time point as fixed effects; patients as random effects; and baseline
values as covariates

CCP cyclic citrullinated peptide, C/ confidence interval, csDMARD conventional synthetic disease-modifying anti-rheumatic drug, DAS28-ESR Disease Activity Score in
28 joints for rheumatoid arthritis with erythrocyte sedimentation rate

shown in Table 5. The adjusted mean change in DAS28-
ESR from baseline to month 6 was — 0.56 (95% CI: —
1.08, — 0.05) in the csDMARDs plus denosumab group
and — 0.54 (95% CI: — 1.08, — 0.01) in the csDMARD
therapy alone group and that from baseline to month 12
was — 0.79 (95% CI: — 1.32, — 0.26) in the csDMARDs

plus denosumab group and — 0.31 (95% CI: — 0.84, 0.23)
in the csDMARD therapy alone group.

Changes in biomarkers are summarized in Additional
file 1: Table S4. The between-group difference in the per-
centage change in procollagen type I N-terminal propep-
tide levels from baseline to month 12 was — 41.67% (95%
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CI: — 57.25, — 26.10; P < 0.0001); tartrate-resistant acid
phosphatase-5b, — 39.50% (95% CI: — 54.36, — 24.64; P <
0.0001); and matrix metalloproteinase-3, 3.56% (95% CI:
—112.15, 119.26; P = 0.9515).

Safety

The incidence of AEs and serious AEs were similar
between the csDMARDs plus denosumab group and
the csDMARD therapy alone group (AEs: 52.2% [12/23]
vs 56.5% [13/23], respectively; serious AEs: 4.3% [1/23]
vs 8.7% [2/23], respectively) (Table 6). The serious AEs
included one event of osteoarthritis in the csDMARDs
plus denosumab group and one event each of lung cancer
and subdural hematoma in the csDMARD therapy alone
group. Six of 23 patients (26.1%) in the csDMARDs plus
denosumab group experienced ADRs, the most frequent
being hypocalcemia (4/23 patients, 17.4%). Most of the
patients recovered without interruption of treatment.

Discussion

This was an exploratory study, and the sample size was
set based on the previous randomized controlled trial of
denosumab compared with alendronate conducted by

Table 6 Safety results (safety analysis set)

csDMARD:s plus csDMARD
denosumab therapy alone
(N=23) (N=23)
Any AEs 12(52.2) 13 (56.5)
AEs that occurred in at least two patients in any treatment group
Herpes zoster 2(8.7) 0(0.0)
Nasopharyngitis 1(4.3) 4(174)
Hypocalcemia 4(174) 1(4.3)
Hepatic function abnormal 1(4.3) 2(8.7)
Liver disorders 0(0.0) 2(8.7)
Serious AFEs 1(43) 2@87)P
Any ADRs 6(26.1) 0(0.0)
Hypocalcemia 4(174) 0(0.0)
Rash erythematous 1(4.3) 0(0.0)
Arthralgia 1(4.3) 0(0.0)
Muscle spasms 1(4.3) 0(0.0)
Pain in extremity 1(43) 0(0.0)
Malaise 1(4.3) 0(0.0)
Platelet count decreased 1(4.3) 0(0.0)
Serious ADRs 0(0.0) 0(0.0)

According to the Medical Dictionary for Regulatory Activities/Japanese version
231

ADR adverse drug reaction, AE adverse event, csDMARD conventional synthetic
disease-modifying anti-rheumatic drug

@ One event of osteoarthritis

b One event each of lung cancer and subdural hematoma
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Yue et al. [17]. In this open-label, randomized, parallel-
group study, 43 patients were included in the FAS (21 and
22 patients in the csDMARDs plus denosumab group
and ¢sDMARD therapy alone group, respectively). The
results of the primary endpoint showed that the adjusted
mean change from baseline in the depth of bone erosion,
measured by HR-pQCT, in the 2—3 metacarpal heads at 6
months was — 0.57 mm (95% CI: — 1.52, 0.39 mm) in the
¢sDMARDs plus denosumab group and — 0.22 mm (95%
CL: — 0.97, 0.53 mm) in the csDMARD therapy alone
group, with a between-group difference of — 0.35 mm
(95% CIL: — 1.00, 0.31 mm; P = 0.2716). Similar results
were shown for the adjusted mean between-group dif-
ference in the width and volume of bone erosions of the
2-3 metacarpal heads. Significant improvements were
observed in bone micro-architecture parameters. The
incidences of AEs and serious AEs were similar between
the two groups, and no serious AEs were judged as
related to denosumab.

The overall background characteristics in this study
were generally well-balanced between the treatment
groups. However, the proportion of patients who used
glucocorticoids was notably higher in the csDMARDs
plus denosumab group vs the c¢sDMARD therapy
alone group (47.6% vs 18.2%, respectively). As the use
of corticosteroids has not been shown to inhibit bone
destruction in rheumatoid arthritis, this difference in
glucocorticoid use between the groups is considered to
have had little effect on the inhibition of bone erosion,
although it may have had a small effect on disease activ-
ity. Although the csDMARDs plus denosumab group
had a higher rate of glucocorticoid use and a lower rate
of bisphosphonate use compared with the csDMARD
therapy alone group, the predominant improvement in
bone micro-architecture in the csDMARDs plus deno-
sumab group may indicate a strong additional concomi-
tant effect of denosumab.

In the present study, a decrease in the depth of bone
erosion as measured by HR-pQCT in the 2—-3 metacar-
pal heads from baseline to month 6 was shown in both
treatment groups, although there were no statistically
significant differences between the groups. The improve-
ment in the depth of bone erosion with denosumab in the
present study seemed to be numerically higher than that
observed in previous studies: the change from baseline to
month 6 in the depth of bone erosion in the denosumab-
treated group was — 0.57 mm in the present study and
— 0.16 mm at 6 months (P <0.01 vs control [alendronate]
group) and — 0.06 mm at 24 months (no significance vs
placebo) in previous studies by Yue et al. and by So et al.
[13, 17]. In the study by Yue et al., not only depth (— 0.16
mm) but also width (— 0.23 mm) and volume (— 0.91
mm?) of bone erosion at the second metacarpal head of
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the nondominant hand was significantly decreased (P
<0.01) in the denosumab-treated group after 6 months
of treatment [17]. Differences in the background char-
acteristics between the study populations, such as race,
concomitant DMARD use, or body mass index may
have contributed to the difference in the results between
the studies. In addition, the study by So et al. included
patients with erosions in the 2-4 metacarpal heads,
which differs from this study. The lack of a statistically
significant difference between the groups in the present
study may have been due to the small number of patients
with bone erosions in the 2—3 metacarpal heads or the
short observation period. Further studies with a larger
sample size and longer observation period are needed to
confirm whether denosumab treatment added on to con-
ventional treatment is more effective than conventional
treatment alone in inhibiting the spread of bone ero-
sion and improving the depth of bone erosion. The lack
of bone erosions in the 2—3 metacarpal heads at baseline
is also a concern; therefore, future studies are needed to
evaluate bone erosions in other locations as well.

In the placebo-controlled study of denosumab by So
et al,, the authors compared bone erosion in the head of
the second to fourth metacarpophalangeal joints by HR-
pQCT in RA patients treated with denosumab or placebo
for 24 months [13]. The results showed that there was no
difference in the changes in bone erosion and joint space
parameters at 12 months of treatment. At 24 months of
treatment, the percentages of new bone erosions (19% vs
9%, P = 0.009) and bone erosion progression (18% vs 8%,
P = 0.019) were significantly higher in the placebo group
vs the denosumab group, while the percentage of bone
erosion repair was higher in the denosumab group vs the
placebo group (20% vs 6%, P = 0.045).

In the present study, the percentage changes from
baseline in periarticular vBMD, BV/TV, Tb.Th, and
Tb.Sp of the 2—3 metacarpal heads by HR-pQCT were
greater in the c¢sDMARDs plus denosumab group
compared with the csDMARDs alone group at month
12. These findings suggest that denosumab contrib-
utes to the improvement of periarticular bone micro-
architecture. We also found that the total bone erosion
score of the metacarpal head and wrist joints by MRI
was low in the csDMARDs plus denosumab group at
months 6 and 12. Additionally, the bone erosion scores
at month 12, measured by X-ray and musculoskeletal
ultrasound, both tended to decrease from baseline in
the csDMARDs plus denosumab group, but tended to
increase numerically in the csDMARDs alone group.
Furthermore, the study is the first to evaluate in detail
the effect of denosumab on the total osteitis score by
MRI and PD score by musculoskeletal ultrasound in
patients with RA. These inflammation scores increased
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in both groups from baseline at months 6 and 12, and
the between-group difference was not statistically sig-
nificant in the present study. These results are partially
consistent with that of the DESIRABLE study and its
follow-up study [9, 18]. In summary, the results sug-
gest that denosumab may be able to contribute to
the improvement of bone erosions and bone micro-
architecture without affecting inflammation. In Japan,
HR-pQCT is not covered by insurance and is not
widely used; however, more detailed diagnostic results
obtained from HR-pQCT may lead to more appropriate
treatment for patients.

Baseline disease activity is a factor associated with the
bone erosion score [19, 20], and control of inflamma-
tion is important for inhibiting the progression of bone
erosion [21]. In this study, we found that denosumab
in combination with csDMARDs tended to reduce the
progression of bone erosion, although the difference
between the groups did not reach statistical significance.
These results might support the usefulness of denosumab
as an adjunctive therapy as indicated in the 2020 Japan
College of Rheumatology clinical practice guideline for
RA [22]. Our results also suggest that factors other than
intra-articular inflammation (e.g., osteoclast activity)
may also contribute to the progression of bone erosion.
Our findings are also considered to be consistent with a
previous study of Japanese RA patients who had not been
previously treated for osteoporosis [23]. In that study,
denosumab did not suppress inflammation or RA disease
activity but did significantly suppress a marker of bone
metabolism. Therefore, denosumab may be beneficial for
patients with progressive bone destruction regardless of
inflammation status.

The results from our study suggested that periarticular
bone micro-architecture was improved by denosumab
treatment. The relationship of bone micro-architecture
with bone destruction is not fully understood; however,
considering that periarticular osteoporosis precedes
erosion, and that early periarticular osteoporosis pre-
dicts the progression of joint destruction [24-26], it is
expected that improving bone micro-architecture may
have a subsequent erosion suppression/repair effect.

Although the difference was not statistically significant,
the increase in mTSS was smaller in the csDMARDs plus
denosumab group compared with the csDMARD therapy
alone group at 6 months, while it was larger at 12 months.
The joint destruction score of the 2—3 metacarpal heads
decreased in the csDMARDs plus denosumab group
at both months 6 and 12. In addition, the DAS28-ESR
decreased in both groups during the observation period,
suggesting that disease activity was well controlled in
both groups. Also, only patients with stable disease activ-
ity were included in this study. Taken together, these
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results suggest that the inclusion of patients with well-
controlled disease activity may be one reason for the lack
of statistically significant improvements in several effi-
cacy endpoints. In this study, an increased joint destruc-
tion score of the 2—3 metacarpal heads was observed in
the conventional treatment group, even when disease
activity was stable. Therefore, it is important to regularly
monitor bone erosion regardless of the degree of disease
activity.

In the present study, denosumab significantly sup-
pressed bone biomarkers in patients with rheumatoid
arthritis, similar to the findings in previous studies [7-9,
23]. This suppression of bone biomarkers may explain
the improvement in bone micro-architecture param-
eters. However, matrix metalloproteinase-3, a cartilage-
destroying enzyme, was not suppressed by the addition
of denosumab to conventional treatment, suggesting
that denosumab may be effective in suppressing bone
destruction rather than cartilage destruction.

The safety profile of denosumab was similar to that
reported previously [9, 27], and no new safety concerns
were raised.

Limitations

The present study has some limitations, including the
relatively short observation period and the heterogene-
ity of the study population (patients with and without
osteoporosis were included). The sample size was calcu-
lated based on the number of bone erosions without lim-
iting the site. When planning the study, we assumed that
there would be at least one erosion in each of the 2-3
metacarpal heads, but as a result, only eight (38.1%) and
13 (59.1%) patients in the csDMARDs plus denosumab
group and csDMARD therapy alone group, respectively,
had erosions in the 2—3 metacarpal heads. Based on the
original assumption, the number of enrolled patients was
sufficient, but the number of patients with erosions in the
2-3 metacarpal heads was smaller than expected, result-
ing in a smaller sample size. Between-group differences
in patient background characteristics may also have
influenced the results. For example, regarding the use of
c¢sDMARDs, methotrexate was used more frequently in
the csDMARDs plus denosumab group than in the csD-
MARD therapy alone group. Furthermore, smoking has
been identified as a factor associated with bone erosion
[28]; however, information on smoking history was not
collected in this study. In this study, the number of ero-
sive joints available for analysis was small because there
were few bone erosions in the joints evaluated. It is pos-
sible that if other bone erosions had been evaluated, the
differences would have been more apparent. One patient
in the csDMARD therapy alone group received deno-
sumab because of erosion progression after registration.
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Finally, although the results of bone erosion were similar
between HR-pQCT and X-ray, the correlation between
HR-pQCT and X-ray results was not analyzed using sta-
tistical methods.

Conclusions

In this exploratory study, we investigated the efficacy
of denosumab in suppressing the progression of bone
erosion in patients with RA being treated with csD-
MARD:s in clinical practice. Although the addition of
denosumab to conventional treatment did not lead to
a statistically significant improvement in bone ero-
sion, numerical improvements in these parameters sug-
gest that the addition of denosumab to c¢sDMARDs
may inhibit the progression of bone erosion. The results
also showed improvements in bone micro-architecture
parameters, which suggest the benefit of adding deno-
sumab to conventional treatment for improving bone
micro-architecture.
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