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Introduction
Several large clinical trials have shown that, compared with tamoxifen, third-generation
aromatase inhibitors (AIs) administered either alone or sequentially after 2–3 years of
tamoxifen treatment for hormone receptor-positive breast cancer in postmenopausal
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Background: The aim of the study was to conduct subgroup analyses of therapeutic effects of
12-month denosumab therapy on the percentage change in bone mineral density (BMD) from
baseline in the lumber spine and femoral neck.
Materials and methods: We prospectively evaluated the BMD of the lumbar spine and
femoral neck of 100 hormone receptor-positive, clinical stage I–IIIA postoperative postmenopausal breast cancer patients, for whom treatment with aromatase inhibitors (AIs) as adjuvant
endocrine therapy was scheduled. The primary endpoint was the percent change in lumbar
spine BMD from baseline to 12 months. Patient subgroups were analyzed according to baseline
variables that are known risk factors for bone loss, including previous AI therapy, age, time
since menopause, baseline body mass index (BMI), and baseline BMD T-score.
Results: At 12 months, lumbar spine BMD increased by 4.7%; the patients who were administered AI therapy prior to denosumab (n=70) demonstrated a 4.7% increase in BMD, and
the patients who received denosumab at the start of AI therapy (n=30) demonstrated a 4.5%
increase in BMD (p=0.8385). Additionally, 2.4% and 1.4% increases in BMD of the right
and left femoral neck, respectively, were observed. Initiation of AI (with denosumab, before
denosumab), type of AI (non-steroidal, steroidal), age (65, 65 years), time since menopause
(5, 5 years), BMI (25, 25 kg/m2), and T-score (−1.0, −1.0) of the right femoral neck
were as follows: (2.2%, 2.5%, p=0.7773), (2.6%, 0.9%, p=0.1726), (2.5%, 2.3%, p=0.7594),
(2.1%, 2.4%, p=0.2034), (2.1%, 2.9%, p=0.2034), and (2.3%, 2.7%, p=0.6823), respectively.
Initiation of AI (with denosumab, before denosumab), type of AI (non-steroidal, steroidal), age
(65, 65 years), time since menopause (5, 5 years), BMI (25, 25 kg/m2), and T-score
(−1.0, −1.0) of the left femoral neck were as follows: (1.0%, 1.5%, p=0.1972), (1.2%, 2.7%,
p=0.2931), (1.4%, 1.3%, p=0.8817), (−0.1%, 1.6%, p=0.1766), (1.3%, 1.9%, p=0.6465), and
(1.5%, 1.1%, p=0.6573), respectively.
Conclusion: Twice-yearly treatment with denosumab was associated with increased BMD
among Japanese women receiving adjuvant AI therapy, regardless of the baseline characteristics
or skeletal site.
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women resulted in a longer disease-free survival and fewer
endometrial and thromboembolic adverse events.1–6 Therefore, AIs are widely used by patients with postmenopausal
breast cancer as a first-line adjuvant hormonal therapy. AIs
inhibit the conversion of androgens to estrogens, resulting in
a significant decline in estrogen levels, which in turn leads
to lower bone mineral density (BMD). Moreover, several
studies have reported that the BMD loss observed in postmenopausal breast cancer patients receiving long-term AIs is
twice that observed in normal postmenopausal women of the
same age.4–6 Therefore, patients receiving AIs are at increased
risk for bone fracture, which can reduce their quality of life.7,8
Efforts to prevent BMD loss are thus needed.
We previously reported the results of a 12-month, nonrandomized prospective study, which demonstrated that
denosumab, a fully human monoclonal antibody against
receptor activator of nuclear-factor kappa-B ligand, increased
BMD in the lumbar spine and femoral neck in patients with
hormone receptor-positive breast cancer who were receiving
adjuvant AI therapy and demonstrated evidence of low bone
mass.9 Thus far in Japan, the efficacy of denosumab in the
treatment of AI-associated bone loss has not been evaluated
in a prospective study. Moreover, it is important to evaluate the outcomes of denosumab according to baseline and
disease characteristics, to identify patients who might yield
more benefits from receiving denosumab and those who
would not. Patient subgroups were analyzed according to
baseline variables that are known risk factors for bone loss,
including previous AI therapy, age, time since menopause,
baseline body mass index (BMI), and baseline BMD T-score.
Herein, we present the results of these subgroup analyses of
the therapeutic effects of 12-month denosumab therapy on
the percentage change in BMD from baseline in the lumber
spine and femoral neck.

Materials and methods
Patients
Complete inclusion and exclusion criteria have been
described previously. Briefly, data for postmenopausal
women with early stage, histologically confirmed, hormone
receptor-positive invasive breast cancer who were scheduled
to receive AIs as adjuvant endocrine therapy or were in the
process of receiving AI adjuvant therapy were included for
analysis. The inclusion criteria also included completion of
the chemotherapy regimen 4 weeks before study entry and
evidence of low bone mass (lumbar spine, right femoral neck,
and left femoral neck BMD corresponding to a T-score classification of −1.0 to −2.5). Key exclusion criteria included
osteoporosis (T-score −2.5), prior vertebral diseases, and
1214
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current active dental problems including infection of the
teeth or jawbone.

Study design
This non-randomized prospective study was conducted at
3 institutions in Japan. Patients were scheduled to receive
60 mg denosumab subcutaneously every 6 months. All
patients were prescribed calcium (1 g/day) and vitamin D
(400 IU/day). No change in AI therapy was mandated upon
study participation. Approvals from appropriate research
ethics committees were obtained for each participating study
center. All patients provided written informed consent before
participating. The study was approved by the Institutional
Review Board of Kyoto Prefectural University of Medicine
on August 2, 2013, and conducted in accordance with the
Helsinki Declaration of 1975, as revised in 1983. This
study was registered with the UMIN Clinical Trial Registry
(UMIN-CTR, UMIN000027425). All procedures performed
in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

Subgroup analyses
Analyses of the percentage change in BMD from baseline
in the lumbar spine and femoral neck at 12 months were
conducted in the following subgroups of patients: start of
AI therapy (with denosumab, before denosumab), type of
AI therapy (steroidal, non-steroidal), age (65, 65 years),
time since menopause (5, 5 years), baseline BMI
(20, 20 kg/m2), and BMD (−2.5 T-score −1.0,
T-score −1.0). Subgroup analyses for the primary endpoint
involved a post hoc analysis.

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

Results
A complete description of the baseline disease characteristics
and disposition has been reported. The mean age (range)
was 64 (54–89) years. A total of 103 patients were enrolled
Therapeutics and Clinical Risk Management 2018:14
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Variable

Denosumab
(n=100)

Start of AI therapy, n (%)
With denosumab
Before denosumab
Type of AI therapy, n (%)
Non-steroidal
Steroidal
Age, n (%)
65 years
65 years
Time since last menstrual cycle, n (%)
5 years
5 years
Body mass index (kg/m2), n (%)
25
25
Lumbar spine BMD T-score, n (%)
−1.0
−1.0
Right femoral neck BMD T-score, n (%)
−1.0
−1.0
Left femoral neck BMD T-score, n (%)
−1.0
−1.0

30
70
89
11
51
49
13
87
76
24
53
47
64
36
62
38

Abbreviations: AI, aromatase inhibitor; BMD, bone mineral density.

and received denosumab thrice, at 0, 6, and 12 months. All
patients were included in the subgroup analyses. We found
that 30% of patients received denosumab at the start of
AI therapy and 89% of patients received non-steroidal AI
therapy (anastrozole or letrozole); the other patients received
steroidal AI therapy (exemestane). Moreover, 51.0% of
patients were aged 65 years and 87.0% patients had been
postmenopausal for longer than 5 years (Table 1).

The percentage change in the lumbar spine BMD from baseline (±95% CI) over 12 months in the patients who received
AIs with denosumab and those who received AIs before
denosumab is shown in Figure 1. At 12 months, the patients
who were administered AI therapy prior to denosumab (n=70)
demonstrated a 4.7% increase in BMD, and the patients
who received denosumab at the start of AI therapy (n=30)
demonstrated a 4.5% increase in BMD.
The percentage change in BMD in the right femoral neck
from baseline (±95% CI) over 12 months in the patients who
received AIs with denosumab and those who received AIs
before denosumab is shown in Figure 2. At 12 months, the
patients who were administered AI therapy prior to denosumab demonstrated a 2.2% increase in BMD, and the patients
who received denosumab at the start of AI therapy demonstrated a 2.5% increase in BMD. The percentage change in
BMD in the left femoral neck from baseline (±95% CI) over
12 months in the patients who received AIs with denosumab
and those who received AIs before denosumab is shown in
Figure 3. At 12 months, the patients who were administered
AI therapy prior to denosumab demonstrated a 1.5% increase
in BMD, and the patients who received denosumab at the start
of AI therapy demonstrated a 1.0% increase in BMD. The
BMD of patients administered AIs before denosumab showed
a greater increase, but without statistical significance.
Subgroup analyses of the treatment effects of denosumab
at 12 months (least squares mean percentage difference [95%
CI]) are shown in Table 2.

Fractures
At month 12, no non-traumatic clinical fractures occurred in
patients receiving AI therapy and denosumab.
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Figure 1 Percentage change in bone mineral density in the lumbar spine from baseline (±95% CI) over 12 months in patients who started receiving AIs with denosumab
(“With denosumab”) and those who had received AI before the initiation of denosumab therapy (“Before denosumab”).
Abbreviation: AIs, aromatase inhibitors.
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Figure 2 Percentage change in bone mineral density in the right femoral neck from baseline (±95% CI) over 12 months in patients who started receiving AIs with denosumab
(“With denosumab”) and those who had received AI before the initiation of denosumab therapy (“Before denosumab”).
Abbreviation: AIs, aromatase inhibitors.

Discussion
The increased risk for bone loss and fracture in breast cancer
patients has become more evident following the use of AIs as
adjuvant therapy. AI-induced bone loss occurs at more than
twice the rate of physiologic postmenopausal bone loss.10
AI-associated bone loss continues throughout the duration of
therapy, at an average rate of 2% per year.10,11 It is estimated
that 30% of patients treated with an AI will be diagnosed with
osteoporosis in the subsequent years.12 The negative effect of
estrogen depletion on bone appears to be associated with both
steroidal and non-steroidal AIs,13,14 although the former could
induce less bone loss. The prevention of AI-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.15–18
A Japanese study revealed that the survival rate after hip
fracture decreased dramatically over 2 years and the mortality

&KDQJHIURPEDVHOLQH
±&,





risk remained high for 10 years.19 This mortality risk was
approximately double that of the general population, even
at 10 years after hip fracture.
Therefore, a therapeutic approach that could prevent
AI-induced bone loss and increase the BMD of the femoral
necks is needed. The primary analysis of this study showed
that denosumab was an effective agent for the management of
such bone loss. Next, it was important to determine whether
the overall benefit of denosumab treatment was influenced by
baseline variables that are known risk factors for bone loss.
The most notable fracture risk factors include advancing age
(65 years), AI therapy, chemotherapy-induced menopause,
low BMI (20 kg/m2), a family history of hip fracture, a
personal history of fragility fracture, corticosteroid use,
excessive alcohol consumption, and smoking.20,21
AI is associated with accelerated bone loss; therefore, if
AI therapy has already been administered, there exists the
possibility of reducing the effects of denosumab. In other
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Figure 3 Percentage change in BMD in the left femoral neck from baseline (±95% CI) over 12 months in patients who started receiving AIs with denosumab (“With denosumab”)
and those who had received AI before the initiation of denosumab therapy (“Before denosumab”).
Abbreviations: AI, aromatase inhibitor; BMD, bone mineral density.
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Table 2 Subgroup analyses of the therapeutic effects of denosumab at 12 months
Start of AI therapy (n)
With denosumab (30)
Before denosumab (70)
p-value
Type of AI therapy (n)
Non-steroidal (89)
Steroidal (11)
p-value
Age (n)
65 years (51)
65 years (49)
p-value
Time since menopause (n)
5 years (13)
5 years (87)
p-value
Body mass index (kg/m2) (n)
25 (76)
25 (24)
p-value
T-score
−1.0
−1.0
p-value

Lumbar spine

Right femoral neck

Left femoral neck

4.5 (3.1, 5.8)
4.7 (3.8, 5.7)
0.8385

2.2 (0.5, 3.9)
2.5 (1.4, 3.6)
0.7773

1.0 (−0.8, 2.9)
1.5 (0.6, 2.5)
0.1972

5.0 (4.2, 5.8)
2.1 (−0.1, 4.2)
0.0085*

2.6 (1.7, 3.5)
0.9 (−3.4, 5.3)
0.1726

1.2 (0.3, 2.2)
2.7 (0.9, 4.4)
0.2931

4.5 (3.4, 5.6)
4.9 (3.8, 5.9)
0.6306

2.5 (1.3, 3.8)
2.3 (0.9, 3.7)
0.7594

1.4 (0.3, 2.5)
1.3 (0.0, 2.6)
0.8817

4.6 (2.6, 6.6)
4.7 (3.8, 5.5)
0.9294

2.1 (-0.4, 4.6)
2.4 (1.4, 3.4)
0.2034

−0.1 (-2.5, 2.2)
1.6 (0.7, 2.5)
0.1766

4.9 (4.0, 5.7)
4.6 (3.0, 6.1)
0.5867

2.1 (1.1, 3.1)
2.9 (0.8, 4.9)
0.2034

1.3 (0.3, 2.2)
1.9 (0.2, 3.7)
0.6465

4.9 (4.0, 5.8)
4.4 (3.1, 5.7)
0.6678

2.3 (1.2, 3.3)
2.7 (0.9, 4.4)
0.6823

1.5 (0.3, 2.7)
1.1 (0.0, 2.3)
0.6573

Notes: Data are shown as the least squares mean percentage difference (95% CI). *p0.05.
Abbreviation: AI, aromatase inhibitor.

words, the effect of denosumab becomes weak if the
treatment period for AI is prolonged. In our trial, we showed
that BMD at all skeletal sites similarly increased regardless of prior AI therapy. Age alone is among the strongest
predictors of fracture. Because age significantly increases
the risk for osteoporosis and fracture,22 it is imperative to
understand the contribution of denosumab to that risk in
women aged 65 years. In our trial, we found that the BMD
at all skeletal sites was similarly increased among patients
aged 65 years and those aged 65 years. In general, low
BMI in both men and women correlates with an increased
age-adjusted risk for any type of fracture, whereas high
BMI values decrease the risk for fracture.23 In our trial, we
revealed that BMD at all skeletal sites similarly increased
among BMI 25 kg/m2 and BMI 25 kg/m2 groups.
Anastrozole and letrozole are non-steroidal inhibitors,
whereas exemestane is a steroidal inhibitor of the aromatase
enzyme, which converts androgens into estrogens. The
decrease in BMD has been shown to be lower in patients
treated with exemestane, possibly owing to its steroidal
structure.24 However, we observed the opposite for the lumber
spine and right femoral neck, possibly owing to the small
number of patients. In general, the lower the baseline BMD,
the lower it will remain after 5 years of hormone therapy.25
Therapeutics and Clinical Risk Management 2018:14

Our trial revealed the BMD at all skeletal sites was similarly
increased among those with a T-score −1.0 and those with
a T-score −1.0. There has been no evidence regarding the
influence of denosumab in patients with a T-score −2.5
or −1.0 receiving AI treatment. Therefore, further studies
examining patients with osteoporosis or normal BMD in
consideration of these factors are warranted. We are in the
process of conducting a single-arm prospective study (UMINCTR, UMIN000027425) of patients with a T-score classification of −2.5 and a multicenter, randomized, comparative
study regarding the efficacy of denosumab in postmenopausal
patients with normal BMD and those with a T-score classification of −1.0 receiving adjuvant AI (ClinicalTrials.gov
identifier NCT03324932 and UMIN 000022256).

Conclusion
Currently, rebound-associated vertebral fracture after discontinuation of denosumab is a critical issue. Therefore,
denosumab should not be discontinued as long as AIs are
administered, even if patients are osteopenic. In summary,
twice-yearly treatment with denosumab was associated with
consistently greater gains in BMD among Japanese women
receiving adjuvant AI therapy, regardless of the baseline
characteristics or skeletal site.
submit your manuscript | www.dovepress.com
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