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Abstract

Objectives—To report results of subgroup analyses of bone mineral density (BMD) and bone
turnover markers from a randomised, double-blind, placebo-controlled, phase 11 study of
denosumab, an investigational RANKL inhibitor, in patients with rheumatoid arthritis (RA)
concurrently receiving treatment with bisphosphonates or glucocorticoids.

Methods—~Patients received subcutaneous placebo (n=75), denosumab 60 mg (n=71) or
denosumab 180 mg (n=72) at baseline and 6 months. Assessments included dual x-ray
absorptiometry scans of the lumbar spine and hip, and determination of levels of serum type I C-
telopeptide (SCTx-1) and serum procollagen 1N-terminal peptide (PINP).

Results—Denosumab treatment increased mean lumbar spine and hip BMD and reduced sCTx-I
and P1NP compared with placebo through 12 months, regardless of baseline BMD or marker
levels or concomitant bisphosphonate or glucocorticoid use.

Conclusions—This study extends evidence that denosumab increases BMD and reduces bone
turnover in patients with RA and may provide a new therapeutic option for reducing systemic bone
loss in patients with RA.
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INTRODUCTION

Inflammation in rheumatoid arthritis (RA) produces local and systemic effects including
focal joint erosions, subchondral bone erosions and periarticular and systemic osteoporosis.
These effects reflect an imbalance among the mediators of bone resorption and formation!
and increase the risk of fracture. Glucocorticoid use further increases fracture risk.2 These
RA-specific risks combine with the known osteoporosis risk in older women, who represent
a significant proportion of patients with RA.3 Bone resorption in RA is mediated by RANK
ligand (RANKL),% whose expression is critical for the development of structural damage in
RA.5-8 Denosumab, an investigational, fully human monoclonal antibody, inhibits RANKL
and thereby reduces bone resorption.?

In this phase 11 study, we evaluated denosumab in patients with RA who were receiving
methotrexate. The effects of denosumab in reducing structural damage, bone mineral density
(BMD), and bone turnover for the total population have been reported previously.10 This
analysis describes changes in BMD and bone turnover markers in patients with RA treated
with denosumab. To determine whether the effects of denosumab were influenced by other
treatments that affect bone metabolism (glucocorticoids and bisphosphonates), we evaluated
patients’ changes in BMD and bone turnover markers according to concurrent
glucocorticoid or bisphosphonate administration and compared them with results for patients
not receiving those agents.

METHODS

The study design and inclusion criteria have been reported previouslyl9 and are described in
the online supplementary data. Patients who had active RA for 224 weeks and were
receiving methotrexate received denosumab 60 mg, denosumab 180 mg or placebo by
subcutaneous injection at baseline and at 6 months. Glucocorticoids could be dosed at <15
mg/day of prednisone or equivalent at study entry, and could be added or dose-modified to a
maximum of 15 mg/day of oral prednisone or equivalent, except <2 weeks before scheduled
assessments. Bisphosphonates were allowed throughout the study. After the first 6 months,
patients could receive rescue treatment for signs and symptoms of RA with any approved
anti-tumour necrosis factor therapy. Randomisation was stratified by current use of
glucocorticoids and prior use of biological agents.

Bone mineral density was assessed by dual x-ray absorptiometry scans of the lumbar spine
and total hip at baseline, 1, 6 and 12 months. Fasting blood samples were obtained at
baseline, 1, 3, 6 and 12 months, before administration of the study drugs. Serum type I C-
telopeptide (SCTX-1) was assessed by Amgen using kits from Nordic Biosciences (Herlev,
Denmark) (precision, 2-9% of the coefficient of variance (CV)). Safety parameters included
adverse events, vital signs and laboratory values. Serum procollagen 1N-terminal peptide
(P1NP) was assessed by a specialty laboratory (Covance, Chantilly, Virginia, USA) using
kits from Orion Diagnostica (Espoo, Finland) (precision, 2-6% of the CV).

End points have been described previously.19 This report describes post hoc analyses:
comparisons of changes in BMD and bone turnover markers from baseline through 12
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months in patients who received systemic glucocorticoids compared with those who did not,
and in patients taking oral bisphosphonates compared with those who were not. We also
examined the correlation between BMD changes and baseline values of bone turnover
markers. The glucocorticoid subgroup was defined as patients using =2.5 mg/day of
prednisone (or equivalent) for =90 days during the study. The bisphosphonate subgroup
included patients who received any bisphosphonate for any length of time during the study.
Statistical methods are described in the online supplementary data.

RESULTS

A total of 227 patients were enrolled; 218 received study treatment, and most (94%)
completed treatment. Demographics and baseline characteristics were generally similar
between treatment groups (table 1), except as noted later.

Glucocorticoid recipients included more men and were slightly younger than non-recipients.
In this subgroup, the median prednisone dose used was 5 mg at baseline and 4 mg at the end
of the study (range 1-15 mg at both time points). Patients receiving bisphosphonates were
somewhat older than those not receiving bisphosphonates. Disease characteristics were
similar in the glucocorticoid and bisphosphonate subgroups, with a mean RA duration of
approximately 11 years; BMD T-scores were similar and within the normal range in both
groups. Median baseline levels of the bone turnover markers sCTx-1 and PINP were lower
among patients receiving concomitant bisphosphonates than in those not receiving
bisphosphonates (SCTx-I, 0.2 ng/ml vs 0.40 ng/ml; PANP, 26.4-35.6 pg/l vs 43.0-46.4 ug/l)
(table 1).

At 6 and 12 months, statistically significant increases in BMD compared with placebo
(p<0.001) were seen at the lumbar spine and total hip in denosumab-treated patients
(supplementary data figure S1). Similar denosumab-induced increases in BMD at the spine
and total hip were seen regardless of glucocorticoid use (figure 1) or bisphosphonate use
(figure 2).

Denosumab treatment also reduced sCTx-I and P1NP rapidly and consistently from baseline
in all subgroups (figures 1 and 2). In denosumab-treated patients, reductions in SCTx-I and
P1NP were evident at 3 months; levels increased as patients approached the end of each 6-
month dosing interval. Although there was a trend toward a difference between denosumab
and placebo treatment groups, statistical significance was not calculated because small
subgroup sizes would limit the usefulness of these comparisons. Baseline P1NP, but not
baseline sCTx-I, correlated with BMD increases over the course of treatment (for lumbar
spine, regression correlation coefficient of baseline PANP: 0.05, 95% CI 0.02 to 0.07,
p<0.0001, for total hip; regression correlation coefficient of baseline PANP: 0.02, 95% ClI
0.00 to 0.04, p=0.03). During the study treatment phase, anti-tumour necrosis factor rescue
treatment was administered to eight patients (4%), at similar rates in the denosumab and
placebo groups and among glucocorticoid users and n on-users.

Safety data from this study have been previously reported.10 Rates and types of adverse
events were comparable between denosumab and placebo groups. The use of glucocorticoids
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or bisphosphonates did not affect the incidence or types of adverse events observed (data not
shown). The incidence of clinical fractures during the 12-month treatment period was low
(£2%) and did not correlate with the use of denosumab, bisphosphonates or glucocorticoids.
No cases of osteonecrosis of the jaw or clinically relevant changes in laboratory results, vital
signs or parathyroid hormone levels were reported.

DISCUSSION

In this study of patients with RA, denosumab increased BMD and reduced bone turnover
compared with placebo in the overall population, in patients receiving concurrent
glucocorticoids or bisphosphonates, and in patients not receiving those treatments.

Denosumab, like the bisphosphonates, is an antiresorptive agent used to treat osteoporaosis,
but its mechanism of action differs. Denosumab inhibits bone resorption by blocking
interactions between RANK and its ligand, thereby preventing formation, activation and
survival of osteoclasts. Bisphosphonates, in contrast, are incorporated into bone, inhibiting
the ability of osteoclasts to resorb bone. The effects of this difference in mechanism of
action were seen in two recent phase 11 studies of postmenopausal patients with low bone
mass; in both studies, denosumab-treated patients experienced significantly greater BMD
increases than patients treated with the bisphosphonate alendronate during the study,
regardless of previous bisphosphonate treatment.1112

Ninety patients (40%) received glucocorticoids during this study. Chronic glucocorticoid use
is known to cause bone loss, which may be treated with bisphosphonates. In this study,
glucocorticoid use (<15 mg/day prednisone) did not appear to inhibit denosumab-induced
increases in BMD; increases were similar for denosumab-treated patients in the
glucocorticoid and non-glucocorticoid subgroups (figure 1).

In this study, patients for whom bisphosphonates had been previously prescribed could
continue to receive bisphosphonate treatment regardless of their randomised, blinded
treatment assignment; consequently, 29 patients received both denosumab and
bisphosphonates. Although patients are unlikely to receive concomitant denosumab and
bisphosphonates in clinical practice, evaluation of the concurrent use of these agents in
patients with RA is important because the effects of bisphosphonates may persist after
treatment discontinuation.13-1% In this subgroup, as expected, baseline values of SCTx-I
among bisphosphonate-treated patients (about 0.2 ng/ml) were lower than those of other
patient subgroups (0.3-0.4 ng/ml) (table 1), and were similar to those seen in the phase 11
study of women with osteoporosis previously treated with alendronate who were switched to
denosumab.12 In both studies, patients who were treated with denosumab and a
bisphosphonate had greater increases in BMD than patients treated with a bisphosphonate
alone, even though their bone turnover rates were relatively low at baseline. No safety
differences were observed in patients treated with denosumab or bisphosphonates compared
with those not receiving bisphosphonates. Although the small subgroup sizes in this study
(and the resulting potential for error) warrant caution in the interpretation of results, these
data extend the evidence showing the potential utility of denosumab in patients previously
treated with bisphosphonates.
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CONCLUSION

Many patients with RA receive bisphosphonates, glucocorticoids, or both. This is the first
study to characterise the effects of denosumab treatment in such patients, demonstrating that
denosumab suppressed systemic bone loss beyond the suppression achieved with
bisphosphonates and regardless of glucocorticoid use, with no unexpected patterns of
adverse events overall or in any subgroup. In combination with previously reported
reductions of joint erosions in this study, these results suggest that denosumab may provide a
new therapeutic option for preventing loss of bone density in patients with RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Bone mineral density and bone turnover: glucocorticoids vs no glucocorticoids
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Figure 1.
Denosumab increased bone mineral density (BMD) at
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the lumbar spine and total hip and

reduced levels of the bone turnover markers serum type | C-telopeptide (SCTx-I) and serum
procollagen 1N-terminal peptide (P1NP), regardless of concomitant treatment with
glucocorticoids. Denosumab or placebo was administered on study day 1 and at 6 months;
BMD levels increased steadily from the first dose. Suppression of bone turnover markers

was evident 3 months after the first dose; levels began

to return to baseline levels as the end

of each 6-month dosing interval approached. Q1, first quartile; Q3, third quartile.
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Bone mineral density and bone turnover: bisphosphonates vs nobisphosphonates
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Figure 2.
Denosumab increased bone mineral density (BMD) at the lumbar spine and total hip and

reduced levels of the bone turnover markers serum type | C-telopeptide (SCTx-I) and serum
procollagen 1N-terminal peptide (P1NP), regardless of concomitant treatment with
bisphosphonates. Denosumab or placebo was administered on study day 1 and at 6 months;
BMD levels increased steadily starting with the first dose. Suppression of bone turnover
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markers was evident 3 months after the first dose; levels began to return to baseline levels as
the end of each 6-month dosing interval approached. Q1, first quartile; Q3, third quartile.
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