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ABSTRACT
Objectives To clarify which rheumatoid arthritis (RA)
patients benefit most from the anti-receptor activator of
nuclear factor-κB ligand antibody denosumab to reduce the
progression of joint destruction.
Methods We pooled patient data from the 12-month,
double-blind, placebo-controlled DRIVE (phase II) and
DESIRABLE (phase III) studies. In DRIVE, concomitant
treatment was limited to methotrexate, salazosulfapyridine
and bucillamine. In DESIRABLE, patients could receive any
disease-modifying antirheumatic drug. RA patients were
randomised to denosumab 60 mg every 6 months (Q6M),
every 3 months (Q3M) or placebo. Efficacy was assessed by
van der Heijde-modified total Sharp score (mTSS), bone
erosion score (ES) and joint space narrowing score (JSNS).
Change in mTSS was assessed in subgroups stratified by
risk factors for radiographic damage if the interaction factor
was significant.
Results The pooled analysis included 909 patients.
Denosumab reduced worsening of mTSS (mean (SD)) at
12 months in the Q6M (0.88 (3.30), p=0.0024) and Q3M
(0.66 (2.16), p=0.0002) groups versus placebo (1.50
(3.73)). This reduction in mTSS progression was due to the
change in ES (Q6M, 0.44 (1.89), p=0.0006; Q3M, 0.20
(0.86), p<0.0001) versus placebo (0.98 (2.54)); no effect
was observed on JSNS. Anti-cyclic citrullinated peptide
(CCP) antibodies, glucocorticoid use and baseline ES
showed a significant interaction. Denosumab was
particularly effective in patients who were anti-CCP antibody
positive (p<0.05). Changes in mTSS versus placebo were
observed in all denosumab dose groups, regardless of
glucocorticoid use and baseline ES.
Conclusions Denosumab broadly reduced the progression
of joint destruction in RA patients with risk factors for
radiographic damage such as especially anti-CCP antibody
positivity.

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic disease
characterised by persistent synovitis, systemic
inflammation and joint destruction. Although

the exact aetiology of RA remains unknown,
the development of biological disease-
modifying anti-rheumatic drugs (bDMARDs)
for RA has markedly improved treatment out-
comes. Despite the advantages of these
agents, the percentage of patients with RA
treated with these drugs was reported to be
only 20–30% in Japan.1 The main reasons for
these low percentages include: (1) not all
patients respond to current bDMARDs; (2)
some patients experience loss of drug efficacy;
(3) risk of serious adverse drug reactions,
including immunosuppression and infections
and (4) high treatment cost.2–5

In joints affected by RA, osteoclasts play
a critical role in the inflammatory response
that causes bone erosion. Dysregulation of
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Key messages

What is already known about this subject?
► Previous phase II and III clinical studies

demonstrated that denosumab reduces the
progression of joint destruction in patients with RA;
however, identifying the patient subpopulation in
which denosumab is most effective is important in
the clinical setting.

What does this study add?
► Using pooled data from the phase II and III clinical

trials, 12-month treatment with denosumab reduced
the progression of joint destruction in patients with
RA; these results indicate that denosumab broadly
reduces the progression of joint destruction in
patients with risk factors for radiographic damage,
especially positivity for anti-CCP antibodies.

How might this impact on clinical practice?
► This study indicates that in future clinical practice,

RA patients who are anti-CCP antibody positive may
be the best candidates for denosumab treatment.
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the bone remodelling process—normally regulated by
osteoblasts—results in excessive activation and matura-
tion of osteoclasts.6–9 Activation of osteoclast precursors
is mediated via the receptor activator of nuclear factor-κB
ligand (RANKL), a key mediator of osteoclast formation,
differentiation and survival.10–12

It has been reported that patients with increased inflam-
mation are likely to present more marked joint destruc-
tion. However, in some cases, joint destruction progresses
even without marked inflammation.13 For such patients,
denosumab is expected to have a suppressive effect on the
progression of joint destruction.
Denosumab, a fully human monoclonal antibody (IgG2

subclass) that inhibits bone resorption by inhibiting
RANKL,2 12 has been proven to prevent the progression of
joint destruction, although it has no effect on cartilage and
does not improve RA disease activity.14–17 Given the prohi-
bitive high financial cost of existing biological products,
denosumab has the added advantage of a lower cost of
treatment comparedwith these existing biological products.
Previous phase II (DRIVE)17 18 and phase III

(DESIRABLE)13 studies demonstrated that denosumab
reduced the progression of joint destruction in Japanese
patients with RA. Identifying the patient subpopulation in
which denosumab is most effective is important in the
clinical setting. For bDMARDs, the impacts of baseline
swollen joint count (SJC), tender joint count (TJC),
C reactive protein (CRP), erythrocyte sedimentation
rate (ESR), rheumatoid factor (RF) and anti-cyclic citrul-
linated peptide (CCP) antibodies have previously been
evaluated,19 20 and clear prognostic factors have been
established. However, there are no reports on the effects
of baseline characteristics on the efficacy of denosumab;
there are only preliminary results of the DRIVE study.18

The present study aimed to evaluate the effect of deno-
sumab on joint destruction in subgroups of RA patients
with bone destruction risk factors and to identify prog-
nostic background factors associated with the efficacy of
denosumab.

METHODS
Study design and patients
This study was a pooled analysis of Japanese patients
diagnosed with RA from the phase II (DRIVE)17 and
phase III (DESIRABLE)13 studies.
The DRIVE study was a 12-month, multicentre, rando-

mised, double-blind, placebo-controlled, phase II study
of denosumab to validate its safety and effect on bone
erosion in RA patients taking methotrexate (MTX). The
DESIRABLE study was a 12-month, double-blind, rando-
mised, placebo-controlled, phase III parallel-group study
of denosumab to evaluate its inhibitory effect on the
progression of joint destruction. Although the DESIR-
ABLE study also included a 24-month open-label exten-
sion, the present analysis only includes the results from
the initial 12-month double-blind phase. The DRIVE and
DESIRABLE studies used similar patient eligibility

criteria, with the main difference being that in the
DRIVE study, only MTX, salazosulfapyridine and bucilla-
mine were permitted for concomitant use. In contrast, all
anti-rheumatic drugs, other than biological products and
tofacitinib, were permitted in the DESIRABLE study.
Additionally, stratification for randomisation was by ster-
oid use and with/without RF in the DRIVE study and by
steroid use in the DESIRABLE study. The eligibility cri-
teria and design for both of these studies have been
described previously.13 17 Briefly, patients were ambula-
tory outpatients, aged 20 years or older (in DRIVE, age
was up to 75 years), with RA fulfilling the American Col-
lege of Rheumatology criteria,21 disease duration
between 6 months and less than 5 years, use of DMARDs
for at least 8 weeks that could be continued throughout
the study, at least six swollen joints out of 58 counted in
DRIVE and 58 counted in DESIRABLE, and radiographic
evidence of bone erosion in the hands and feet or those
who met any of the following at screening: CRP ≥1.0 mg/
dL and positive for anti-CCP antibodies, CRP ≥1.0 mg/dL
and positive for RF (RF >20 IU/mL in DRIVE), ESR
≥28 mm/hour and positive for anti-CCP antibodies, or
ESR ≥28 mm/hour and positive for RF (RF >20 IU/mL in
DRIVE). The main exclusion criteria were almost identi-
cal between both trials, except that in DESIRABLE,
patients treated with tofacitinib for RA within 4 weeks of
enrolment were excluded. In DRIVE, flares were mana-
ged either with oral treatment with corticosteroids
10 mg/day or intraarticular treatment with corticoster-
oids or hyaluronic acid in joints other than those being
assessed by the van der Heijde modified-total Sharp score
(mTSS); non-steroidal anti-inflammatory drugs were also
permitted. In DESIRABLE, non-steroidal anti-
inflammatory drugs or oral treatment with corticosteroids
within 10 mg/day prednisone equivalent were used for
flare management. Baseline demographics and charac-
teristics of patients in the DRIVE and DESIRABLE studies
were similar.
The whole group and subgroup analyses used data

pooled from the aforementioned trials of Japanese
patients with RA treated with denosumab (60 mg every
6 months (Q6M) or 60 mg every 3 months (Q3M)) or
placebo. All patients continued treatment with conven-
tional synthetic DMARDs (including MTX), calcium and
vitamin D supplements throughout the studies. The use
of bisphosphonates and/or oral glucocorticoids ≥10 mg/
day was prohibited during the study.
The mTSS, the modified Sharp erosion score (ES) and

the joint space narrowing score (JSNS) were assessed for
all patients using the modified Sharp van der Heijde
method.22 This score is based on a radiographic assess-
ment of hands and feet. The changes from baseline in
mTSS, ES and JSNS at 12 months were assessed in the
pooled analysis of all patients (whole group analysis).
Changes from baseline in mTSS were assessed in the
subgroup analyses, which stratified patients by risk factors
for radiographic damage. The subgroups analysed were:
baseline CRP (<1 mg/dL, ≥1 mg/dL); baseline ESR
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(<28mm/hour, ≥28mm/hour); RF status (negative, posi-
tive); anti-CCP antibodies (negative, positive); baseline
TJC (≤2, 3–5, ≥6); baseline SJC (<10, ≥10); glucocorticoid
use (absence, presence); baseline mTSS (<6.5, ≥6.5); and
baseline ES (<3.5, ≥3.5). A further subgroup analysis was
also conducted, in which anti-CCP antibody-positive
patients were classified according to titre (high/low).
A high titre was defined as an antibody titre exceeding
the baseline value by threefold and a low titre was defined
as an antibody titre within threefold of baseline.
Ethical approval was given by the institutional review

boards of all participating sites in the DRIVE and the
DESIRABLE studies, and these were conducted in accor-
dance with the Declaration of Helsinki principles. All
included patients provided written informed consent.

Statistical analysis
Comparisons of each denosumab group with placebo to
determine changes from baseline were performed for the
total group using the van Elteren stratified rank test
adjusted for study and baseline glucocorticoid use. This
analysis method was used for each of the changes in the
radiographic scores (mTSS, ES and JSNS). Subsequently,
comparisons were performed in the same manner using
the van Elteren stratified rank test for each subgroup.
As a post hoc analysis, the treatment-by-subgroup interac-

tion was tested using an ANCOVA model including treat-
ment, subgroup and treatment-by-subgroup interaction. If
the p value was <0.10, the interaction was considered
significant.
Missing values were imputed using linear extrapola-

tion/interpolation as described previously.13 A p value
of <0.05 was considered statistically significant. The statis-
tical analyses were performed using SAS Software, Ver-
sion 9.2, Cary, NC, USA.

Patient and public involvement
Patients and the public were not involved in the design of
the various phases of the trials.

RESULTS
Baseline characteristics
A total of 909 patients were included in the present
pooled analysis (Q6M, 302; Q3M, 301 and placebo, 306)
from the DRIVE andDESIRABLE studies. Baseline demo-
graphics and characteristics are shown in table 1. No
differences in baseline values or patient characteristics
were identified among the three groups (Q6M, Q3M
and placebo). However, the Q3M group included slightly
less women than the Q6M and placebo groups (70.8% vs
77.2% vs 79.4%, respectively). Themean age was approxi-
mately 56 years in all three groups with amean RA disease
duration between 2.1 and 2.2 years.

Changes in mTSS, ES and JSNS in the total group
In theQ6MandQ3Mversus placebo groups at 12months,
the pooled analysis showed that denosumab significantly

reduced the worsening of mTSS (mean scores (SD): 0.88
(3.30), p=0.0024 and 0.66 (2.16), p=0.0002 vs 1.50 (3.73),
respectively) and ES (mean scores (SD): 0.44 (1.89),
p=0.0006 and 0.20 (0.86), p<0.0001 vs 0.98 (2.54), respec-
tively) (figure 1A, B). In contrast, denosumab had no
effect on JSNS versus placebo in either treatment arm
(both p>0.05) (figure 1C).

Interaction analyses
The results of the post hoc analysis to evaluate treat-
ment-by-subgroup interaction are shown in table 2.
With p values of <0.10, glucocorticoid use, the pre-
sence/absence of anti-CCP antibodies and baseline
ES (p=0.075, p=0.029 and p=0.063, respectively)
were considered to be significant factors in the Q3M
group.

Changes in mTSS in subgroup analyses
In terms of change in mTSS at 12 months, baseline
patient characteristics such as sex, age and duration of
RA did not influence the effectiveness of denosumab.
The results of the subgroup analyses are provided in
online supplemental table S1.
Change in mTSS by the three factors found to be sig-

nificant in the interaction analyses (glucocorticoid use,
anti-CCP antibody status and baseline ES) are shown in
figure 2A, B, C. Among patients who received placebo,
a greater change in mTSS was observed in patients with
glucocorticoid use than in those who were not taking
glucocorticoids at baseline (figure 2A). Significant reduc-
tions in changes in mTSS were observed in both denosu-
mab dose groups versus placebo, regardless of
glucocorticoid use (mean (SD) for Q6M and Q3M vs
placebo: presence of glucocorticoid use 0.82 (3.25),
p=0.0169 and 0.53 (1.47), p=0.0123 vs 1.97 (4.78), respec-
tively; absence of glucocorticoid use 0.91 (3.34), p=0.0445
and 0.73 (2.46), p=0.0046 vs 1.25 (3.01), respectively).
A greater change in mTSS was observed in patients who
were positive for the anti-CCP antibody than in those who
were negative for it at baseline (figure 2B). In patients
stratified by positive/negative anti-CCP antibody, deno-
sumab Q6M and Q3M versus placebo effectively reduced
worsening of mTSS in the anti-CCP antibody-positive
group (mean (SD): 1.15 (3.69), p=0.0008 and 0.89
(2.49), p<0.0001 vs 2.10 (4.33), respectively). However,
in the anti-CCP antibody-negative group, changes in
mTSS were marginal in the placebo group, and the statis-
tically significant difference in the change in mTSS
between denosumab Q6M and Q3M versus placebo was
not observed (mean (SD): 0.03 (1.26) and 0.10 (0.77) vs
0.16 (0.82), respectively). Among patients who received
placebo, a greater change in mTSS was observed in
patients with baseline ES ≥3.5 vs those with baseline ES
<3.5 (figure 2C). Significant reductions in changes in
mTSS were observed in both denosumab dose groups
versus placebo based on baseline ES (mean (SD) for
Q6M and Q3M versus placebo: baseline ES ≥3.5 1.36
(4.16), p=0.0345 and 1.02 (2.77), p=0.0034 vs 2.44 (4.99),
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respectively; baseline ES <3.5 0.28 (1.49), p=0.0007 and
0.19 (0.70), p=0.0012 vs 0.70 (1.83), respectively).
Results of a further subgroup analysis which classified

the anti-CCP antibody-positive group according to titre
(high/low) are shown in figure 2D. Among patients who
received placebo, results were similar regardless of anti-
body titre. In patients receiving denosumab, mTSS wor-
sening was reduced in both the high-titre subgroup
(mean (SD) for Q6M and Q3M vs placebo: 1.29 (3.84),
p=0.006 and 0.98 (2.57), p=0.001 vs 2.07 (4.32), respec-
tively) and in the low-titre subgroup (mean (SD) for Q6M
and Q3M vs placebo: 0.08 (1.88), p=0.08 and 0.05 (1.34),
p=0.02 vs 2.29 (4.48), respectively).

DISCUSSION
Bone erosion and joint destruction are characteristic fea-
tures of RA and are associated with dysregulation of the

RANKL-mediated bone remodelling process. The devel-
opment of bDMARDS has increased RA treatment
options, but patient response is variable.23 Therefore,
identifying markers and predictors of response is of inter-
est. Denosumab is a RANKL inhibitor with proven inhibi-
tion of joint destruction in RA.14–17 However, only
preliminary results have been published on the impact
of baseline characteristics on denosumab efficacy.18

The present study evaluated the effect of denosumab
on progressive joint destruction in patients with RA and
in subgroups of patients pooled from the DRIVE and
DESIRABLE studies.
In this pooled analysis, denosumab significantly

reduced the progression of mTSS from baseline to
12 months compared with placebo, mainly due to ES
reduction, but had no effect on JSNS, which is consistent
with results from the previously reported phase II and III
studies.13 17

Table 1 Baseline patient demographics and characteristics

Pooled analysis DRIVE study DESIRABLE study

Denosumab Denosumab Denosumab

Placebo
(N=306)

Q6M
(N=302)

Q3M
(N=301)

Placebo
(N=88)

Q6M
(N=85)

Q3M
(N=82)

Placebo
(N=218)

Q6M
(N=217)

Q3M
(N=219)

Female, n (%) 243
(79.4)

233
(77.2)

213
(70.8)

76 (86.4) 65 (76.5) 59 (72.0) 167
(76.6)

168
(77.4)

154
(70.3)

Age (years) 56.2
±11.4

57.0
±11.9

56.5
±12.2

57.0
±10.6

54.4
±10.6

52.0
±11.7

55.8
±11.7

58.1
±12.3

58.2
±12.0

RA disease duration
(years)

2.1±1.3 2.2±1.3 2.2±1.3 2.3±1.3 2.2±1.3 2.3±1.3 2.1±1.3 2.2±1.3 2.2±1.3

CRP (mg/dL) 0.47
±0.84

0.61
±1.16

0.53
±1.07

0.75
±1.24

0.52
±0.92

0.61
±1.17

0.36
±057

0.65
±1.25

0.50
±1.03

ESR (mm/hour) 21.7
±18.6

24.0
±21.3

22.6
±18.8

27.8
±23.6

22.0
±18.0

24.0
±19.9

19.2
±15.6

24.8
±22.4

22.1
±18.4

RF status, n (%) 197
(64.4)

199
(65.9)

184
(61.1)

60 (68.2) 59 (69.4) 56 (68.3) 137
(62.8)

140
(64.5)

128
(58.4)

Anti-CCP antibodies, n (%) 211
(69.0)

228
(75.5)

213
(70.8)

66 (75.0) 70 (82.4) 64 (78.0) 145
(66.5)

158
(72.8)

149
(68.0)

Tender joint count (0–68) 7.6±7.6 7.6±8.0 7.6±7.8 9.9±9.7 8.0±7.4 8.2±7.3 6.6±6.4 7.5±8.2 7.3±8.0
Swollen joint count (0–66) 9.7±4.9 9.3±4.7 9.4±4.4 10.5±5.9 8.9±4.2 10.5±4.6 9.4±4.4 9.5±4.9 9.0±4.3
Glucocorticoid use, n (%) 106

(34.6)
109
(36.1)

106
(35.2)

37 (42.0) 36 (42.4) 37 (45.1) 69 (31.7) 73 (33.6) 68 (31.1)

MTX use, n (%) 278
(90.8)

261
(86.4)

271
(90.0)

88
(100.0)

85
(100.0)

82
(100.0)

190
(87.2)

176
(81.1)

189
(86.3)

Modified total Sharp score
(0–448)

13.26
±22.18

14.66
±20.41

13.77
±17.89

13.56
±24.03

11.43
±14.48

10.02
±14.03

13.14
±21.44

15.92
±22.21

15.17
±18.97

Modified Sharp erosion
score (0–280)

6.57
±10.50

7.21
±9.51

6.83
±8.77

6.61
±10.35

6.39
±7.77

5.95
±6.75

6.55
±10.58

7.53
±10.11

7.16
±9.41

Modified Sharp JSNS
(0–168)

6.69
±12.64

7.45
±12.59

6.94
±10.31

6.94
±14.29

5.04
±8.31

4.07
±8.06

6.59
±11.94

8.39
±13.82

8.01
±10.86

Values are shown as mean±SD unless otherwise indicated.
N=number of patients who received at least one dose of investigational product and had a baseline value and at least one post-baseline
measurement with radiographs.
CCP, cyclic citrullinated peptide; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; JSNS, joint space narrowing score;
MTX, methotrexate; Q3M, denosumab 60mg every 3 months; Q6M, denosumab 60mg every 6 months; RA, rheumatoid arthritis; RF, rheumatoid
factor.
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The subgroups analysed were based on factors asso-
ciated with a poor prognosis for bone destruction,
which included CRP, ESR, RF, anti-CCP antibodies, base-
line joint damage and TJC, as described in our recent
publication evaluating bone erosion in the placebo-
treated patients from the DRIVE and DESIRABLE
studies.24 Glucocorticoid use and SJC subgroups were
also included as these have previously been reported as
parameters associated with bone destruction risk.25–28

The pooled analysis showed that most subgroups with

specific baseline disease activity markers associated with
bone erosion progression showed consistent efficacy of
denosumab with respect to mTSS and ES. However, there
were differences among subgroups depending on the
presence or absence of some prognostic baseline factors.
Regarding the treatment-by-subgroup interaction analy-

sis, denosumab demonstrated an effect in both of the glu-
cocorticoid use (absence, presence) and baseline ES (<3.5,
≥3.5) subgroups, and its efficacy on mTSS was similar
among both subgroups; however, progression in the pla-
cebo groupwas higher in patients using glucocorticoids and
those with baseline ES ≥3.5. A statistical interaction was also
seen in patients with the presence of anti-CCP antibodies.
The changes in mTSS were remarkably greater in

patients with anti-CCP antibody-positive status. In con-
trast, in patients with anti-CCP antibody-negative status,
there were almost no changes in mTSS in any groups,
including the placebo group. Anti-CCP antibody levels
have been established as a predictor of radiological pro-
gression of RA.26 29–32 However, patients with higher
levels of anti-CCP antibody were more likely to develop
radiographic progression33 and denosumab demon-
strated significant inhibition of progression of joint
destruction in patients with high anti-CCP antibody levels
in this study. Based on these results, denosumab is
expected to reduce the progression of joint destruction
in all patients with RA who are positive for anti-CCP
antibodies.

Figure 1 Change from baseline in mTSS (A), ES (B) and JSNS (C) in the total group for up to 12 months. ES, bone erosion score;
JSNS, joint space narrowing score;mTSS,modified total Sharp score; Q3M, denosumab 60mg every 3months; Q6M, denosumab
60 mg every 6 months. Data are means with 95% CIs.

Table 2 P values for treatment-by-subgroup interaction
analyses

Q6M Q3M

Swollen joint count 0.402 0.553
Tender joint count 0.979 0.696
CRP 0.815 0.946
ESR 0.692 0.696
Glucocorticoid use 0.174 0.075
RF status 0.266 0.454
Anti-CCP antibodies 0.193 0.029
Baseline mTSS 0.587 0.154
Baseline ES 0.241 0.063

CCP, cyclic citrullinated peptide; CRP, C reactive protein; ES, bone
erosion score; ESR, erythrocyte sedimentation rate; mTSS, mod-
ified total Sharp score; Q3M, denosumab 60 mg every 3 months;
Q6M, denosumab 60 mg every 6 months; RF, rheumatoid factor.
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In patients with early RA, glucocorticoid given in addi-
tion to other treatments substantially reduced the rate of
radiological progression.34 In terms of glucocorticoid use
and baseline ES, the progression of joint destruction in
the placebo groups was notably greater in patients with
glucocorticoid use and those with baseline ES ≥3.5 than in
patients without glucocorticoid treatment and with base-
line ES <3.5 in this study. However, when denosumab was
added, the progression was significantly reduced in both
the Q6M and Q3M groups. Therefore, in patients using
glucocorticoids and with a baseline ES ≥3.5, mTSS pro-
gression was higher in the placebo group, but denosumab
effectively reduced progression, regardless of glucocorti-
coid use and baseline ES.
This study has several limitations. First, the DRIVE and

DESIRABLE studies were not completely designed based
on the ‘treat-to-target’ principle; their objectives were to
evaluate the efficacy and safety of denosumab.16 18 This
study, therefore, included patients who had partially con-
trolled disease activity (the symptoms were manageable
with conventional synthetic DMARDs). Second, the num-
ber of patients was relatively small in some subgroups,

potentially limiting the detection of significant differ-
ences in subgroups. Third, because the duration of treat-
ment was 1 year in both studies, the effectiveness of long-
term treatment, that is, >1 year, cannot be evaluated until
the results from the long-term extension phase of the
DESIRABLE study become available (NCT01973569).
In conclusion, 12-month treatment with denosumab

reduced the progression of joint destruction in Japanese
patients with RA based on pooled data from the DRIVE
and DESIRABLE studies. These results indicate that
denosumab broadly reduces the progression of joint
destruction in RA patients with risk factors for radio-
graphic damage but is especially effective in patients
who are anti-CCP antibody positive.
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