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jaw, and non-traumatic clinical fracture did not occur. In 
conclusion, semi-annual treatment with denosumab was 
associated with increased BMD in Japanese women receiv-
ing adjuvant AI therapy, regardless of prior AI treatment.
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Introduction

Aromatase inhibitors (AIs) are widely accepted as the adju-
vant treatment of choice in postmenopausal women with 
hormone receptor-positive breast cancer. The main adverse 
effect associated with the use of AI therapy is damage to 
bones. AIs have been shown to decrease bone mineral den-
sity (BMD) and increase bone fracture incidence compared 
with tamoxifen. In light of the known protective effect of 
tamoxifen on bones, however, it is possible that the negative 
effect of AIs has been exaggerated [1–8].

Bone loss is mediated by osteoclasts, whose formation, 
function, and survival depend on the receptor activator of 
nuclear factor-κ-B ligand (RANKL). RANKL binds to its 
receptor (RANK) and activates osteoclast-mediated bone 
resorption [9–11].

Denosumab is a fully human monoclonal anti-RANKL 
antibody that suppresses differentiation, activation, and sur-
vival of osteoclasts by inhibiting the binding of RANKL to 
its receptor [12].

Ellis et al. previously reported the results of a 2-year 
randomized, double-blind, placebo-controlled study, in 
which denosumab increased BMD of the lumbar spine 
and other skeletal sites in patients with hormone recep-
tor-positive breast cancer who were receiving adjuvant 
AI therapy and had evidence of low BMD [13]. Gnant 
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et al. demonstrated that adjuvant therapy with denosumab 
(60 mg twice per year) reduces the risk of clinical fractures 
in postmenopausal women with breast cancer receiving AI 
therapy, and that denosumab can be administered without 
added toxicity [14]. However, the efficacy of denosumab 
in the treatment of AI-associated bone loss in the Japa-
nese population has not been evaluated in a prospective 
study. Therefore, we prospectively evaluated BMD of the 
lumbar spine and bilateral femoral necks in postmenopau-
sal patients with hormone receptor-positive postoperative 
breast cancer of clinical stage I–IIIA for whom AI treat-
ment as an adjuvant endocrine therapy had been planned 
or ongoing.

Materials and methods

Patients

Eligibility criteria were (1) adequately treated invasive 
breast cancer of clinical stage I, II, or IIIA; (2) tumor 
removed using an appropriate surgical procedure such as 
mastectomy or breast-conserving surgery; (3) estrogen 
receptor- and/or progesterone receptor-positive disease as 
determined by immunohistochemical staining; (4) post-
menopausal status defined based on the presence of one of 
the following criteria—(a) age >54 years and absence of 
menstruation; (b) spontaneous cessation of menses within 
the past 12 months OR age <55 years and amenorrhea 
OR follicle-stimulating hormone and estradiol levels in 
the postmenopausal range; (5) lumbar spine or femoral 
neck BMD T-score between −1.0 and −2.5; (6) electro-
corticography (ECOG) performance status between 0 
and 2; (7) >4 weeks of chemotherapy completed prior to 
study entry; (8) the following drugs known to affect the 
skeleton discontinued more than 4 weeks prior to study 
entry—oral bisphosphonates, estrogen, raloxifene, calci-
tonin, vitamin K, and activated vitamin D; and (9) the 
provision of written informed consent. The main exclusion 
criteria were (1) diagnosis of clinical or radiological dis-
tant metastasis before inclusion in the study, (2) invasive 
bilateral breast cancer, (3) prior treatment with intravenous 
bisphosphonates within the previous 12 months, (4) pres-
ence of any disease that might interfere with dual-energy 
X-ray absorptiometry (DXA) measurements such as severe 
scoliosis or vertebral disease, (5) current dental prob-
lems including infection of the teeth or jawbone or recent 
(within 6 weeks) or planned dental or jaw surgery (e.g., 
extraction, implants), and (6) other conditions judged to 
be inappropriate for the study by the investigators. Patients 
who developed or were suspected to have osteonecrosis of 
the jaw (ONJ) were to be withdrawn from the study.

Study design

This non-randomized prospective study was conducted at 
three institutions in Japan. Patients were to receive 60 mg 
of denosumab subcutaneously every 6 months. Daily sup-
plements containing 500 mg of elemental calcium and at 
least 400 international units of vitamin D were highly rec-
ommended throughout the study. No changes in AI therapy 
were mandated by the study protocol. Approval from the 
research ethics committees of each participating study center 
was obtained. All patients provided written informed con-
sent. The study was approved by the Institutional Review 
Board of Kyoto Prefectural University of Medicine on 
August 2, 2013. This study was registered with the UMIN 
Clinical Trial Registry (UMIN-CTR, UMIN 000016173).

Assessment of outcomes

Denosumab was administered subcutaneously on day 1 of 
the study and then after 6 and 12 months. BMD was meas-
ured by dual-energy DXA using a Hologic (Hologic Inc., 
Bedford, MA, USA) or Lunar (General Electric Lunar Corp, 
Madison, WI, USA) densitometer. All DXA devices were 
standardized and cross-calibrated using four Bio-Imaging 
Bona Fide Phantoms. Lumbar spine and bilateral femo-
ral neck BMDs were measured at baseline and after 6 and 
12 months.

Levels of bone turnover markers, serum tartrate-resistant 
acid phosphatase isoform 5b (TRAP5b) and bone alkaline 
phosphatase (BAP), were determined at baseline and after 
6 and 12 months. Albumin-corrected serum calcium con-
centration was measured at baseline and after 1, 6, and 
12 months. Hypocalcemia was defined as corrected calcium 
level <8.0 mg/dL, which corresponds to grade 2 hypocal-
cemia according to the common terminology criteria for 
adverse events.

Endpoints

The primary endpoint was percentage change from base-
line to month 12 in lumbar spine BMD. The secondary end-
points were (1) percentage change in lumbar spine (L1–L4) 
BMD from baseline to 6 months; (2) percentage change in 
bilateral femoral neck BMD from baseline to 6 months and 
12 months; and (3) changes in serum markers of bone turno-
ver, TRAP-5b and BAP, from baseline to 6 and 12 months.

Statistical analysis

According to preliminary calculations, a sample size of 74 
patients was required to obtain a power of 80% and detect 
a 4% difference in percent change in lumbar spine (L1–L4) 
BMD from baseline to 12 months. To allow for a 20% 
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dropout rate, at least 90 patients were required. Paired t tests 
were used to compare the two groups. P values reported are 
based on a two-sided comparison. A P value of ≤ 0.05 was 
considered to represent a statistically significant difference. 
All statistical analyses were performed using the JMP soft-
ware, version 12.

Results

A total of 103 patients were enrolled (Fig. 1). Most patients 
(97.1%) completed the study. Three patients discontinued 
the study. One patient withdrew consent, one developed 
grade 2 arthralgia, and one was removed because of disease 
progression (bone metastasis). The baseline characteristics 
are shown in Table 1. The majority of patients (70%) had 
received AI therapy (mean period 24 months) before the 
initiation of denosumab treatment.

BMD

At 12 months, the lumbar spine BMD increased by 4.7% 
(95% CI 3.9–5.4) (Fig. 2). At 12 months, the right femo-
ral neck and left femoral neck BMD increased by 2.4% 
(95% CI 1.5–3.3) and 1.4% (95% CI 0.5–2.2), respectively. 
The right femoral neck BMD increased more than the left 
femoral neck BMD, but the difference was not significant 
(1.9% mean difference, P = 0.0516) (Fig. 3). The percent-
age change from baseline in BMD of the lumbar spine over 
the 12 months of the study was 4.5% (95% CI 3.1–5.8) in 
patients who started to received AI therapy and denosumab 
simultaneously and 4.7% (95% CI, 3.8-5.7) in patients who 
had received AI therapy before the initiation of the deno-
sumab therapy, with no significant difference (0.2% mean 
difference; P = 0.8385) (Fig. 4).

Fig. 1   Patient disposition

Table 1   Baseline characteristics

Characteristic n = 100

Age (years)
 Mean 64.9
 Range 51–89

Initiation of aromatase inhibitor therapy
 With denosumab 30
 Before denosumab 70

Body mass index (kg/m2)
 Mean 21.5
 Range 15.6–35.5

Time from last menstrual period
 ≤5 years 13
 >5 years 87

Type of aromatase inhibitors therapy
 Anastrozole 44
 Letrozole 45
 Exemestane 11

Fig. 2   Percentage change from 
baseline (± 95% CI) in bone 
mineral density (BMD) of the 
lumbar spine over 12 months for 
all patients
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Fractures

At month 12, no non-traumatic clinical fractures occurred in 
patients receiving AI therapy and denosumab.

Safety

Safety analysis of the administered drugs was conducted in 
100 patients. Adverse effects with an occurrence of ≥5% are 
shown in Table 2. Arthralgia occurred in approximately 30% 
of study participants, but almost all cases were grade 1 and 

controllable with nonsteroidal anti-inflammatory drugs. One 
patient withdrew from the study because of arthralgia. There 
were no cases of ONJ. The levels of serum calcium are 
shown in Fig. 5. Hypocalcemia of grade ≥2 did not occur.

Markers of bone remodeling

Levels of markers of bone remodeling (TRAP5b and BAP) 
were rapidly reduced by denosumab (Fig. 6). The mean per-
centage reductions in TRAP5b and BAP levels at 12 months 
were 59.2% and 52.2%, respectively. This extent of reduction 
remained constant between 6 and 12 months.

Discussion

Bone loss contributing to increased fracture risk is a pre-
dictable consequence of AI therapy [15, 16]. At present, AI 
therapy is the recommended standard of care for all post-
menopausal women with hormone receptor-positive breast 
cancer [17], and the duration of adjuvant endocrine therapy 
is increasing beyond 5 years [18]. Because of the increasing 
use of AIs, accelerated bone loss represents a challenge in 
the management of these patients.

Fig. 3   Percentage change from 
baseline (± 95% CI) in bone 
mineral density (BMD) of (R) 
the right femoral neck and 
(L) the left femoral neck over 
12 months for all patients

Fig. 4   Percentage change from 
baseline (± 95% CI) in bone 
mineral density (BMD) of the 
lumbar spine over 12 months in 
patients who started receiv-
ing AI with denosumab (‘with 
denosumab’) and had received 
AI before the initiation of 
denosumab therapy (‘before 
denosumab’)

Table 2   Summary of adverse events

CTC National Cancer Institute Common Toxicity Criteria

n = 103

No. of patients %

Adverse event
 Arthralgia 20 19.4
 Pain in extremities 11 10.7
 Back pain 10 9.7
 CTC grade 3, 4, or 5 adverse 

events
0 0.0

 Death 0 0.0
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The International Osteoporosis Foundation recommends 
an algorithm for managing bone health in women receiving 
AI therapy for breast cancer. For example, any patient start-
ing or receiving AI therapy who has any two of the follow-
ing risk factors—T-score < −1.5, age >65 years, low BMI 
(<20 kg/m2), family history of hip fracture, personal history 
of a fragility fracture after the age of 50, oral corticosteroid 
use of >6 months, and a history of smoking, should receive 
denosumab or bisphosphonate therapy [19].

Denosumab is a fully human monoclonal antibody with 
a novel mechanism of action. It binds to RANKL with high 
specificity but does not bind to other tumor necrosis fac-
tor ligands. By neutralizing RANKL, denosumab inhibits 
osteoclast formation, function, and survival. Because of its 
narrow specificity and a high rate of compliance associ-
ated with semi-annual subcutaneous injections, denosumab 
is being investigated as an alternative to bisphosphonates 
for the long-term management of bone loss in women with 
breast cancer. In this regard, the American Society for Bone 

and Mineral Research Working Group suggests that inject-
able therapy should be considered when adherence to an oral 
agent is inadequate [20].

In this trial of patients with breast cancer and at risk 
of AI-induced bone loss, denosumab treatment resulted 
in rapid increases in lumbar spine BMD over 12 months. 
Consistent increases in BMD were also observed at all 
measured skeletal sites. In the anastrozole adjuvant trial 
of postmenopausal women with breast cancer, 5 years of 
anastrozole treatment was associated with a cumulative 
6.1% decrease in lumbar spine BMD [9]. In this study, 
after 1 year, denosumab therapy resulted in a 4.7% gain 
in lumbar spine BMD. Significant gains in lumbar spine 
BMD were seen regardless of whether the patients had 
received AI therapy prior to denosumab treatment initia-
tion. In our study, right femoral neck BMD increased more 
substantially than left femoral neck BMD. Marina et al. 
reported that the left–right femoral neck BMD asymmetry 
might be associated with asymmetrical gait and standing 

Fig. 5   Serum calcium level 
changes from baseline to 
12 months

Fig. 6   Changes in tartrate-
resistant acid phosphatase 
isoform 5b (TRAP5b) and bone 
alkaline phosphatase (BAP) 
levels, markers of serum bone 
turnover, between baseline and 
12 months
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[21]. We speculate that the reason for this asymmetry in 
BMD increase is that the right foot pressure was higher 
than the left foot pressure.

Adverse effects observed in this trial were typical for 
AI therapy. Denosumab treatment was generally well toler-
ated in this trial population. The calcium level tended to 
decrease at 1 month, but hypocalcemia of grade ≥2 was 
not observed in these patients, who were receiving calcium 
and vitamin D supplementation. Both bisphosphonates and 
denosumab at higher doses cause higher rates of ONJ [22], 
which is a concern in the treatment of metastatic breast 
cancer and other cancers. Because ONJ negatively affects 
a cancer patient’s quality of life, it is especially important 
to determine the risk of denosumab-related ONJ. However, 
we did not detect any cases of ONJ in this trial.

Bone-modifying agents are promising therapeutic 
agents not only because of their action on bone but also 
because they improve prognosis. Adjuvant bisphospho-
nates have been shown to reduce breast cancer recurrence 
and improve outcomes in several adjuvant breast cancer 
trials [23]. A recent large meta-analysis provided con-
vincing evidence that disease-free and overall survival 
are improved in postmenopausal patients who are treated 
with adjuvant bisphosphonates [24]. The D-CARE trial 
(ClinicalTrial.gov identifier NCT01077154), which will 
use a higher dose of denosumab, will provide information 
as to whether this is also true for the anti-RANK ligand 
antibody.

Although the findings of this study are important, there 
were several limitations. First, this was a non-randomized 
study, which limited data availability and did not allow 
collecting additional data to facilitate the investiga-
tion. However, a placebo-controlled study is impossible 
from the ethical standpoint because AI treatment clearly 
decreases BMD. Therefore, we felt that a non-randomized 
prospective study was the best option in this case. The 
second limitation is the small sample size of the clinical 
study on which this analysis was based. A larger sam-
ple size could have provided more reliable results. The 
final limitation of our study is that a centralized DXA data 
review was not performed, as we felt that this was beyond 
the scope of this investigation. A more extensive review 
of the literature could provide additional data to support 
our findings in the future.

In summary, semi-annual treatment with denosumab 
was associated with consistently increasing BMD in Japa-
nese women receiving adjuvant AI therapy, regardless of 
prior AI therapy.
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