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Abstract Denosumab increased lumbar spine bone min-
eral density (BMD) versus placebo in a 2-year, randomized,
placebo-controlled, phase 3 study of patients with hormone-
receptor-positive, non-metastatic breast cancer and low bone
mass who were receiving adjuvant aromatase inhibitor
therapy. In subgroup analyses at 12 and 24 months, we
evaluated factors (duration and type of aromatase inhibitor,
tamoxifen use, age, time since menopause, body mass index,
T-score) that might influence BMD at the lumbar spine, total
hip, femoral neck, and 1/3 radius. Patients were randomized
to receive placebo (n = 125) or 60 mg denosumab (n = 127)
subcutaneously every 6 months. In all subgroups, 12 or
24 months’ treatment with denosumab was associated with
larger BMD gains than placebo across multiple skeletal sites.
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Most increases were statistically significant (P < 0.05).
Twice-yearly administration of denosumab, regardless of
patient subgroup or skeletal site, resulted in consistent
increases in BMD versus placebo at 12 and 24 months.
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Introduction

Although tamoxifen has been the standard adjuvant hormone
therapy in postmenopausal women with hormone-receptor-
positive, early-stage breast cancer, its use has been associ-
ated with some uncommon but potentially life-threatening
adverse effects including thromboembolic events and
endometrial cancer [1, 2]. More recently, adjuvant therapy
with aromatase inhibitors (Als) has demonstrated prolonged
disease-free survival and a favourable safety profile com-
pared with tamoxifen [3—6]. Consequently, the American
Society of Clinical Oncology has recommended that adju-
vant hormonal therapy for postmenopausal women with
hormone-receptor-positive, early-stage breast cancer should
include an Al [7, 8]. However, Al therapy is associated with
bone loss and increased risk of fracture [9-12].

We previously reported the results of a 2-year, ran-
domized, double-blind, placebo-controlled study, which
demonstrated that denosumab, a fully human monoclonal
antibody to RANKL (receptor activator of nuclear-factor
kappa-B ligand), increased bone mineral density (BMD) at
the lumbar spine and other skeletal sites, compared with
placebo, in patients with hormone-receptor-positive breast
cancer who were receiving adjuvant Al therapy and had
evidence of low bone mass [13]. It is important to evaluate
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denosumab in subgroups of the study population to deter-
mine the consistency of its skeletal effect and to identify
patients for whom denosumab might be of greater or lesser
benefit. Patient subgroups were analyzed based on baseline
variables that are known risk factors for bone loss,
including previous breast cancer treatment (duration and
type of Al therapy, prior tamoxifen use) and other patient
characteristics (age, time since menopause, baseline body
mass index [BMI], and baseline BMD T-score) [14]. Here
we present the results of these subgroup analyses of the
treatment effect of denosumab at 12 and 24 months on
BMD percentage change from baseline at the lumbar spine,
total hip, femoral neck, and 1/3 radius.

Patients and methods
Patients

Full inclusion and exclusion criteria have been described
previously [13]. Briefly, eligible women were >18 years of
age with early-stage, histologically or cytologically con-
firmed, breast cancer that was hormone receptor-positive.
All women had completed treatment with surgery and/or
radiation and chemotherapy >4 weeks before study entry
and were undergoing adjuvant Al therapy. At enrollment,
all patients were required to have evidence of low
bone mass (lumbar spine, total hip [total proximal femur],
or femoral neck BMD corresponding to a T-score classi-
fication of —1.0 to —2.5). Patients also were required to
have serum 25-hydroxyvitamin D levels >12 ng/ml. Key
exclusion criteria included osteoporosis (T-score < —2.5),
prior vertebral fracture, or concurrent anti-neoplastic ther-
apy apart from an aromatase inhibitor.

Study design

This 2-year double-blind, placebo-controlled phase 3 study
was conducted at 53 sites in the United States and Canada;
a 2-year follow-up period is ongoing. Patients were ran-
domly assigned (1:1) to receive subcutaneous placebo or
denosumab 60 mg every 6 months for 4 doses. Randomi-
zation, done via interactive voice response system at
enrollment, was stratified by duration of prior Al therapy
(<6 months vs. >6 months). All patients were instructed to
take calcium (1 g/day) and vitamin D (>400 IU/day). No
change in Al therapy was mandated by study participation,
and any change in antineoplastic therapy was at the
discretion of the treating physician. The study was con-
ducted according to the Declaration of Helsinki and the
International Conference on Harmonisation Tripartite
Guideline on Good Clinical Practice. Approvals from
appropriate research ethics committees were obtained for
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each participating study center. All patients provided
written informed consent before participating. The primary
endpoint was the percentage change from baseline at
month 12 in lumbar spine BMD.

BMD assessment
Bone mineral density was measured by dual-energy X-ray

absorptiometry (DXA) using Hologic (Hologic Inc.,
Bedford, MA) or Lunar (General Electric Lunar Corp.,

Table 1 Summary of baseline variables

Denosumab
(N = 127)

Placebo
(N = 125)

Duration of prior aromatase inhibitor therapy, n (%)

<6 months 46 (37) 47 (37)

>6 months 79 (63) 80 (63)
Type of aromatase inhibitor therapy at randomization, n (%)

Non-steroidal 107 (86) 113 (89)

Steroidal 18 (14) 14 (11)
Prior tamoxifen therapy, n (%)

Yes 53 (42) 58 (46)

No 72 (58) 69 (54)
Age, n (%)

<65 years 84 (67) 92 (74)

>65 years 41 (33) 35 (28)
Time from last menstrual period, n (%)

<5 years 33 (26) 34 (27)

>5 years 92 (74) 92 (72)

Unknown 0 (0) 1(1)
Body mass index (kg/mz), n (%)

<25 41 (33) 49 (39)

>25 82 (66) 77 (61)

Unknown 2(2) 1(1)
Lumbar spine BMD T-score, n (%)

<-1.0 78 (62) 82 (65)

>—1.0 47 (38) 45 (35)
Total hip BMD T-score, n (%)

<-1.0 52 (42) 67 (53)

>—1.0 73 (58) 59 47)

Unknown 0 (0) (1)
Femoral neck BMD T-score, n (%)

<-1.0 84 (67) 99 (78)

>—1.0 41 (33) 27 (21)

Unknown 0 (0) 1(1)
1/3 radius BMD T-score, n (%)

<-1.0 90 (72) 104 (82)

>—1.0 34 (27) 22 (17)

Unknown 1(1) 1(1)

N number of patients randomly assigned to receive placebo or de-
nosumab, BMD bone mineral density
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Madison, WI) densitometers. Analysis and quality control
of all DXA scans were conducted at a central imaging
facility (Synarc, Portland, OR), which also calibrated the
densitometers across study centers with a set of standard
phantoms.

Subgroup analyses

Analyses of percentage change from baseline in BMD at
the lumbar spine, total proximal femur (“hip”), femoral
neck, and 1/3 radius at 12 and 24 months were done in the
following subgroups of patients in both treatment arms:
duration and type of Al therapy (<6, >6 months; steroidal,
non-steroidal), prior tamoxifen use (yes, no), age (<65,
>65 years), time since menopause (<5, >5 years), base-
line BMI (<25, >25 kg/mz), and baseline T-score (<—1.0,
>—1.0). Subgroup analyses for the primary endpoint
(lumbar spine BMD change from baseline at month 12)
were pre-specified; post-hoc subgroup analyses were con-
ducted for the remaining endpoints. Multiplicity adjust-
ment was not used for these analyses.

Subgroup analyses included all randomized patients
who had observations for the relevant endpoint at baseline
and at least once at or before the relevant time point; the
primary imputation method was last observation carried
forward.

As in the primary analyses of the study [13], an analysis
of covariance (ANCOVA) [15] model was used for

subgroup analyses, adjusting for treatment, stratification
variable, baseline BMD value, densitometer type, and
baseline BMD value-by-densitometer type interaction.

Results
Patients

A complete description of patient baseline disease char-
acteristics and disposition has been reported [13]. Overall,
baseline characteristics were well balanced between the
two treatment groups. The mean age (range) was 59.7
(35-81) years in the placebo arm and 59.2 (38-84) years in
the denosumab arm. A total of 252 patients enrolled and
received at least one dose of study drug; 125 patients in the
placebo group and 127 patients in the denosumab group
were included in the subgroup analyses.

Table 1 summarizes the patient baseline characteristics
that were examined in the subgroup analyses: duration and
type of Al therapy, prior tamoxifen use, age, time since
menopause, body mass index, and T-score. The duration of
Al therapy was >6 months in 63% of patients in each
treatment group. Most patients had received non-steroidal Al
therapy (anastrozole or letrozole); only 14 and 11% in the
placebo and denosumab groups, respectively, had received
steroidal Al therapy (exemestane). Most were <65 years old
(67% in placebo, 74% in denosumab) and had been

Table 2 Subgroup analyses

of the treatment effects of Baseline covariate Lumbar spine Total hip Femoral neck 1/3 radius
denosumab at 12 months Duration of Al therapy
(least squares mean percentage
difference from placebo <6 months 5.4 (3.9, 6.8)* 3.7 (2.5, 5.0)* 3.6 (2.3, 4.8)* 3.8 (2.0, 5.5)*
[95% CI]) >6 months 5.6 (4.7, 6.6)* 3.8 (3.0, 4.5)* 1.7 (0.6, 2.9)** 3.9 (2.7, 5.0)*
Type of Al therapy
Non-steroidal 5.6 (4.7, 6.4)* 3.8 (3.1, 4.6)* 2.5 (1.5, 3.4)* 4.3 (3.3, 5.3)*
Steroidal 5.8 (3.7, 8.0)* 3.0 (1.4, 4.7)** 2.5 (0.3, 4.7)** 1.3 (=23, 4.8)
Prior tamoxifen
Yes 5.3 (4.1, 6.5)* 4.3 (3.5, 5.1)* 2.6 (1.2, 4.0)** 3.8 (24,5.1)*
No 5.8 (4.7, 6.8)* 3.3 (2.4, 4.3)* 2.4 (1.3, 3.6)* 3.9 (2.6, 5.3)*
Age
<65 years 5.8 (4.8, 6.7)* 4.0 (3.2, 4.7)* 2.9 (1.8, 3.9)* 3.9 (2.8, 5.0)%
>65 years 5.1 (3.7, 6.4)* 3.0 (1.6, 4.3)* 1.3 (=04, 2.9) 3.4 (1.4, 5.4)**
Time since menopause
<5 years 6.9 (5.3, 8.5)* 3.8 (2.8, 4.9)* 34 (1.7, 5.1)** 43 (2.5, 6.1)*
>5 years 5.1 (4.2, 6.0)* 3.8 (3.0, 4.6)* 2.2 (1.2, 3.3)* 3.9 (2.7,5.1)*
Body mass index
<25 5.5 4.2, 6.8)* 3.5 (2.5, 4.5)* 2.6 (1.3, 3.9)** 3.4 (1.7, 5.0)**
*P < (0.0001 >25 5.6 (4.6, 6.6)* 3.9 (3.0, 4.8)* 2.4 (1.2, 3.6)* 4.2 (3.0, 5.4)*
*#* P < 0.05 T-score
* Baseline T-score at the <—1.0 5.4 (4.4, 6.4)* 3.8 (2.8, 4.7)* 2.1 (1.1, 3.2)%* 4.0 (2.8, 5.1)*
lumbar spine, total hip, femoral >—1.0° 58 (46,7.00F 3.8 (2.8, 47)* 3.7 (23, 5.0)% 3.2 (1.6, 4.8)

neck, or 1/3 radius
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postmenopausal for longer than 5 years (74% in placebo,
72% in denosumab). Other baseline characteristics were
reasonably well balanced between treatment groups.

Bone mineral density

As previously reported [13], denosumab treatment was
associated with statistically significant gains in lumbar
spine BMD, compared with placebo, regardless of duration
of Al therapy, the primary stratification variable. Table 2
demonstrates the treatment effect of denosumab (denosu-
mab minus placebo) after 12 months on BMD in other
skeletal sites for the seven baseline covariates: duration of
Al therapy, type of Al therapy, prior tamoxifen use, age,
time since menopause, BMI, and baseline T-score. The

observed differences in BMD percentage change from
baseline between denosumab and placebo groups were
statistically significant (P < 0.05) across all subgroups and
skeletal sites, with two exceptions (radial BMD in patients
who received prior steroidal Al therapy and femoral neck
BMD in patients aged >65 years at baseline).

The treatment effect of denosumab on BMD was
maintained at 24 months, as shown in Figs. 1 and 2, which
display forest plots of the differences in percentage change
from baseline between denosumab and placebo in the same
subgroups. The observed differences in BMD between
denosumab and placebo groups were statistically signifi-
cant (P < 0.05) across all skeletal sites and subgroups,
except for radial BMD in patients who had received ste-
roidal Al therapy.
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P < 0.05 for the overall comparisons
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Safety

The overall safety profile of denosumab compared with
placebo has been previously reported [13]. In brief, the
incidence of adverse events was similar between treatment
groups (91% denosumab, 90% placebo) and most com-
monly included arthralgia, pain in extremity, back pain,
and fatigue. Serious adverse events were reported in 19
denosumab (15%) and 11 placebo (9%) patients. These
occurred in 12 system organ classes with no discernible
pattern in the type or frequency of event, and none were
reported in more than 2 patients.

Discussion

Loss of bone mass is of special concern in patients treated
with Als. Since these agents deplete oestrogen levels and
thereby accelerate the loss of bone, women receiving
adjuvant Al therapy experience significantly more fractures
than those receiving tamoxifen [16]. The prevention of

Al-induced bone loss has been the subject of discussions at
the American Society of Clinical Oncology, the National
Osteoporosis Foundation, and the American Association of
Clinical Endocrinologists, all of which have published
guidelines and recommendations [7, 8, 14, 17].

The primary analysis of this study showed that deno-
sumab was an effective agent for the management of such
bone loss, with an adverse event profile that was similar to
that of placebo [13]. It was important next to determine
whether the overall benefit of denosumab treatment was
influenced by baseline variables that are known risk factors
for bone loss. Although the results at any individual skel-
etal site for any individual variable should be interpreted
with caution because of the small subgroup population
sizes, the overall findings are consistent. The results of
these secondary analyses indicate that the beneficial effect
of denosumab was consistent across all the clinical sub-
groups and skeletal sites evaluated. These findings are
similar to those in another study of denosumab in post-
menopausal women with low bone mass, in which
denosumab significantly increased lumbar spine BMD
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compared with placebo at 24 months, and in which the
effects of denosumab were consistent regardless of time
since onset of menopause [18]. Moreover, recent data from
a head-to-head study of denosumab and the oral bis-
phosphonate, alendronate, in postmenopausal women with
low bone mass showed significantly greater BMD gains
across the skeleton after 1 year of treatment with denosu-
mab, compared with alendronate [19]. The treatment
difference observed with denosumab in this study may be
due, at least in part, to selective inhibition of RANKL, the
primary mediator of osteoclast formation, resorptive
function, and survival.

To date, no agent has been approved specifically for the
prevention of Al-induced bone loss. The efficacy of bis-
phosphonates in this setting is being investigated. Several
studies have reported that intravenous zoledronic acid,
given at an investigational dosing regimen of 4 mg twice-
yearly, is effective at increasing BMD in women receiving
adjuvant Als [20-22]. Emerging data from studies with
oral bisphosphonates have also shown improvements in
BMD [23-25].

In summary, twice-yearly treatment with denosumab
was associated with consistently greater gains in BMD than
treatment with placebo among women receiving adjuvant
Al therapy, regardless of patient subgroup or skeletal site.
Two large, phase 3 trials investigating the anti-fracture
efficacy and safety of denosumab have recently been
completed: one in women with postmenopausal osteopo-
rosis [26] and the other in men with androgen deprivation-
induced bone loss. Additional studies of denosumab in the
prevention and treatment of cancer-related bone metastases
are in progress.
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