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Abstract

Background Aromatase inhibitors (AI) have been established as the gold-standard therapy for postmenopausal patients.
Worldwide, adjuvant denosumab at a dose of 60 mg twice per year reduces the risk of clinical fractures in postmenopausal
patients with breast cancer who received Al. However, the efficacy of denosumab in the treatment of Al-associated bone
loss had not been prospectively evaluated in Japan. Previously, we reported the 12-month effect of denosumab in Japanese
patients for the first time; the primary endpoint was the change in the percentage of bone mineral density (BMD) of the
lumbar spine from baseline to 12 months.

Methods This secondary follow-up study prospectively evaluated the change in the percentage of BMD of the lumbar spine
from baseline to 24 months. Postmenopausal women with early-stage, histologically confirmed, hormone receptor-positive,
invasive breast cancer who were receiving or scheduled to receive Al were included. Denosumab was administered subcu-
taneously on day 1 of the study and then 6, 12, 18, and 24 months. The lumbar spine and bilateral femoral neck BMD was
measured at baseline and 6, 12, 18, and 24 months.

Results At 18 and 24 months, the lumbar spine BMD increased by 5.9 and 7.0%, respectively. The femoral neck BMD also
increased. Grade > 2 hypocalcemia, osteonecrosis of the jaw, and atypical femoral fractures did not occur.

Conclusions Our prospective study showed that semiannual treatment with denosumab was associated with continuously
increased BMD in Japanese women receiving adjuvant Al therapy for up to 24 months, regardless of prior Al treatment.
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Introduction

Breast cancer is the second most common cancer worldwide.
The age standardized mortality rates of breast cancer showed
a generally increasing trend in Japan [1]. Aromatase inhibi-
tors (Als) are commonly used in the treatment of postmeno-
pausal women with hormone receptor-positive breast can-
cer and have been shown to decrease bone mineral density
(BMD) and increase the risk of bone fragility fractures [2].
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Al-associated bone loss leads to a marked increase in bone
resorption, with a two- to fourfold increase in bone loss com-
pared with physiologic postmenopausal BMD loss [3—12].
The International Osteoporosis Foundation (IOF) rec-
ommends that all patients who receive Al therapy and
have any two of the following risk factors should receive
antiresorptive therapy: 7 score < — 1.5, age > 65 years, low
body mass index (<20 kg/m?), family history of hip frac-
ture, personal history of fragility fracture after age 50, oral
corticosteroid use for > 6 months, and current or history of
smoking. Furthermore, the IOF recommends that any patient
with a T score < — 2.0 in whom an Al is initiated should
receive antiresorptive therapy, regardless of the presence of
other risk factors. We previously reported the results of a
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12-month, nonrandomized, prospective study which dem-
onstrated that denosumab, a fully human monoclonal anti-
body against the receptor activator of nuclear-factor kappa-B
ligand, increased the BMD of the lumbar spine and femo-
ral neck in patients with hormone receptor-positive breast
cancer who received adjuvant Al therapy and demonstrated
evidence of low bone mass [13]. In this follow-up study, we
described the 24-month results of the percentage of change
in BMD, bone remodeling markers, and side effects in the
same population.

Materials and methods
Ethics

The research ethics committees of all participating study
centers provided their approval of the study protocol. All
patients provided written informed consent. The study was
approved by the Institutional Review Board of Kyoto Pre-
fectural University of Medicine on August 2, 2013. This
study was also registered in the UMIN Clinical Trial Regis-
try (UMIN-CTR, UMIN 000016173).

Patients

The complete inclusion and exclusion criteria have been
described previously. Briefly, the data of postmenopausal
women with early-stage, histologically confirmed, hormone
receptor-positive, invasive breast cancer who were scheduled
to receive an Al as adjuvant endocrine therapy or were in the
process of receiving Al adjuvant therapy were included in
the analysis. We also included those who had completed a
chemotherapy regimen >4 weeks before entering the study
and patients with evidence of low bone mass (lumbar spine,
right femoral neck, and left femoral neck BMD correspond-
ing to a T-score classification of — 1.0 to —2.5). We excluded
patients with osteoporosis (7 score < —2.5), prior vertebral
diseases, and current active dental problems including infec-
tion of the teeth or jawbone.

Study design

This non-randomized, prospective study was conducted at
three institutions in Japan. Patients received 60 mg of deno-
sumab subcutaneously every 6 months. Daily supplements
containing 500 mg of elemental calcium, and at least 400
international units of vitamin D were highly recommended
throughout the study period. No changes in Al therapy were
mandated by the study protocol.

Assessment of outcomes

Denosumab was administered subcutaneously on day 1
of the study and then at 6, 12, 18, and 24 months. BMD
was measured with dual-energy X-ray absorptiometry
(DXA) using a Hologic (Hologic Inc., Bedford, MA) or
Lunar (General Electric Lunar Corp., Madison, WI) den-
sitometer. All DXA devices were standardized and cross-
calibrated using four Bio-Imaging Bona Fide Phantoms.
The BMD of the lumbar spine and bilateral femoral neck
was measured at baseline and at 6, 12, 18, and 24 months.

The levels of bone turnover markers, serum tartrate-
resistant acid phosphatase isoform 5b (TRAPS5b), and bone
alkaline phosphatase (BAP) were determined at baseline
and 6, 12, 18, and 24 months. The albumin-corrected
serum calcium concentration was measured at baseline and
1, 6, 12, 18, and 24 months. Hypocalcemia was defined as
a corrected calcium level < 8.0 mg/dL that corresponded
to grade 2 hypocalcemia according to the Common Ter-
minology Criteria for Adverse Events.

Endpoints

The primary endpoint was the change in percentage of the
BMD of the lumbar spine (L1-L4) from baseline to 12
months. The secondary endpoints were (1) the percent-
age of change in the BMD of the lumbar spine (L1-L4)
from baseline to 6, 18, and 24 months; (2) the percentage
of change in the BMD of the bilateral femoral neck from
baseline to 6, 12, 18, and 24 months; and (3) changes in
the serum markers of bone turnover, TRAP-5b, and BAP
from baseline to 6, 12, 18, and 24 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 the percentage of change in the BMD
of the lumbar spine (L1-L4) from baseline to 12 months.
To allow for a 20% dropout rate, at least 90 patients were
required. Paired ¢ tests were used to compare the two
groups. The reported P values were based on a two-sided
comparison. A P value <0.05 was considered to represent
a statistically significant difference. All statistical analyses
were performed using the JMP software, version 12.
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Results Table 1 Baseline characteristics of the patients in this study
. Characteristics n=93
Patients
Age (years)

A total of 103 patients were enrolled (Fig. 1). Ninety-three Mean 65
patients completed the study. Ten patients dropped out. Two Bfmg_e o 33-80
patients withdrew consent, one developed grade 2 arthral- Irutl.atlon of aromatase inhibitor therapy
gia, one had disease progression (bone metastasis), and six With denosumab 29
were removed because of DXA data loss. The baseline char- Before del?osumab , 64
acteristics of the patients who were included are shown in ~ B0dy mass index (kg/m’)
Table 1. The majority of these patients (68.8%) had received Mean 229
Al therapy before the denosumab treatment was initiated Range 15.6-31.1
(mean period: 24 months) Time from last menstrual period, years

<5 10

>5 83
BMD Type of aromatase inhibitor therapy

Anastrozole 41
At 24 months, the BMD of the lumbar spine increased by =~ Letrozole 43

Exemestane 9

7.0% [95% confidence interval (CI), 5.9-8.0] (Fig. 2). The
BMD of the right and left femoral neck increased by 3.4%
(95% CI 2.4-4.5) and 3.6% (95% CI 2.6-4.6), respectively.
The BMD of the right femoral neck increased more than the
BMD of the left femoral neck did at 12 months (1.9% mean
difference, P=0.0516), but this trend did not appear at 24
months (0.2% mean difference, P=0.7745) (Fig. 3). The
change in the percentage of the BMD of the lumbar spine
from baseline to 24 months was 6.8% (95% CI 4.9-8.6) in
patients who started to receive Al and denosumab simul-
taneously and 7.0% (95% CI 5.7-8.3) in patients who had

received Al before the initiation of the denosumab ther-
apy, with no significant difference (0.2% mean difference;
P=0.8519) (Fig. 4).

Fractures

We did not estimate lumbar fractures by imaging diagnosis
such as plain X-P for evaluation of vertebral compression

Fig. 1 Flowchart showing the
enrolment of patients in this
study. DXA: dual-energy X-ray

absorptiometry (n=103)

Patients were enrolled

IDiscontinued

Withdrew consent (n=1)

Adverse event (n=1)

v

Disease progression (n=1)

(n=100)

Completed 12 months

Discontinued

Withdrew consent (n=1)

A 4

DXA data loss (n=6)

(n=93)

Completed 24 months

and continued study
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Fig.2 Percentage of change in BMD of the lumbar spine from base-
line (+95% CI) over 24 months for all treatment groups. CI confi-
dence interval, BMD bone mineral density

R e—]

Change From Baseline
(£95% CI)
N
a N W

0 6 12 18 24

Time (months)

Fig. 3 Percentage of change in BMD in a the right femoral neck and
b left femoral neck from baseline (+95% CI) over 24 months for
all treatment groups. 1.9% mean difference between right and left:
P=0.0516 (12 months). 0.2% mean difference between right and left:
P=0.7745 (24 months). CI confidence interval, BMD bone mineral
density
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Fig.4 Percentage of change in BMD of the lumbar spine from base-
line (£95% CI) over 24 months in the denosumab and before deno-
sumab groups. 0.2% mean difference between the denosumab and
before denosumab groups: P=0.8385 (24 months). 0.2% mean dif-
ference between the denosumab and before denosumab groups:
P=0.8519 (24 months). BMD bone mineral density, CI confidence
interval, Al aromatase inhibitor

fractures. At 24 months, symptomatic clinical fractures did
not occur in patients receiving Al and denosumab.

Table 2 Summary of adverse events

Adverse event n=93
No. of patients %
Arthralgia 35 37.6
Pain in the extremities 24 25.8
Back pain 14 15.1
CTC grades 3, 4, or 5 adverse 0 0.0
events
Death 0 0.0

CTC National Cancer Institute Common Toxicity Criteria

e TRAPSD BAP
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Fig.5 Data on bone turnover markers, serum TRAPS5b, and BAP
were collected at baseline and 6, 12, 18, and 24 months. TRAP5B tar-
trate-resistant acid phosphatase isoform 5b, BAP bone alkaline phos-
phatase, CI confidence interval

Safety

A safety analysis of the administered drugs was conducted
in 100 patients. Adverse effects with an occurrence rate of
5% or more are shown in Table 2. Arthralgia occurred in
approximately 40% of the study participants, but in almost
all patients, it was grade 1 and controllable with nonsteroi-
dal anti-inflammatory drugs. One patient withdrew from the
study because of arthralgia. No patients had osteonecrosis of
the jaw, and grade > 2 hypocalcemia did not occur.

Markers of bone remodeling

With the use of denosumab, the levels of the markers of
bone remodeling (TRAP5b and BAP) were rapidly reduced
at 6 months, decreased at 12 months, and slightly increased
at 18 and 24 months (Fig. 5). The percentages of change
reductions of the TRAP5b from baseline to 6, 12, 18,
and 24 months were 59.6% (95% CI, 45.6-65.6), 60.1%
(95%Cl, 54.6-65.6), 57.8% (95%Cl, 53.4-63.4), and 48.7%
(95%CI, 41.1-55.7), respectively. The percentages of change
reductions of the BAP from baseline to 6, 12, 18, and 24
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months were 52.2% (95% CI, 49.1-55.4), 55.0% (95%CI,
51.8-58.2), 50.4% (95%Cl, 46.1-54.6), and 48.0% (95%ClI,
51.3-52.2), respectively. The mean percentages of reduc-
tions in the TRAPS5b and BAP levels at 24 months were 48.7
and 48.0%, respectively.

Discussion

We observed a 7.0% increase in lumbar spine BMD (base-
line T-score — 1.0 to —2.5) at 24 months, and Gnant et al.
reported a 5.9% increase in ABCSG-18 trial (baseline
T-score classification of < —1.0) [14]. We did speculate
that the difference in BMD improvement between these two
studies might be dependent on baseline BMD.

Osteoporosis, which is estimated to occur in more than
13 million patients in Japan, mainly occurs in postmeno-
pausal women. An estrogen deficiency that is induced by
menopause can disturb endocrine feedback and is followed
by bone loss due to increased bone resorption with a high
bone turnover [15-19]. These patients are thought to be at a
high risk of developing vertebral and hip fractures, and anti-
resorptive drugs such as bisphosphonate and denosumab are
well indicated as the standard therapies.

Generally, denosumab inhibits bone resorption more
strongly than bisphosphonate does. This is because deno-
sumab controls osteoclasts at the time of differentiation and
maturity, and all stages of its function, whereas bisphos-
phonate takes in mature osteoclasts and binds them to the
mineralized surface of the bone [20-23].

Zoledronic acid (ZOL) is a nitrogen-containing bis-
phosphonate that has the strongest and most persistent
anti-resorptive activity. The Randomized Second Exten-
sion to the Health Outcomes and Reduced Incidence with
Zolodronic Acid Once Yearly-Pivotal Fracture Trial dem-
onstrated that the benefit of 9 years of ZOL was similar
to that of 6 years of ZOL [24]. Therefore, we think that
bisphosphonate may have a ceiling effect. In contrast, the
Fracture Reduction Evaluation of Denosumab in Osteo-
porosis Every 6 Months Extension Study demonstrated
that the benefit of denosumab continued to increase up
to 10 years. In fact, the BMD curve of ZOL reached a
plateau phase over the course of 6 years, but a plateau
has not been observed with the use of denosumab, even
over the course of 10 years [25]. Modeling-based bone
formation after the use of denosumab might be associ-
ated with this difference [26—30]. Therefore, we think that
denosumab is a more beneficial treatment for patients with
osteoporosis than ZOL. Many studies and case reports
indicate that atypical femoral fracture and osteonecrosis
of the jaw could occur frequently in osteoporotic patients
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receiving anti-resorptive drugs such as bisphosphonate
and denosumab [31-33]. In our study, no such cases were
reported, but more studies with a longer follow-up period
are needed.

Recently, two case reports described that multiple
vertebral fractures occurred after denosumab treatment
ended [34, 35]. Of 1001 participants who discontinued
denosumab during FREEDOM or Extension, the vertebral
fracture rate increased from 1.2 per 100 participant-years
during the on-treatment period to 7.1 [36]. Rebound-asso-
ciated vertebral fractures that occur after denosumab is
discontinued are currently critical issues. The effects of
denosumab withdrawal have not been studied sufficiently,
but the position statement of the IOF about the manage-
ment of Al-associated bone loss recommended sequential
treatment with an intravenous dose of bisphosphonate after
denosumab is stopped. The efficacy after denosumab in
the treatment of Al in the Japanese population has not
been evaluated in a prospective study. Therefore, we are
conducting an ongoing clinical trial (UMIN000030328) in
which we stop denosumab when the BMD of every three
regions (lumber spine and bilateral femoral neck) increase
from normal (> — 1.0SD) and re-administer denosumab
when the BMD of at least one region decrease to osteo-
penia (< — 1.0SD). This trial will reveal the influence of
denosumab after it is stopped and the usefulness of re-
administering denosumab in Japanese patients.

Although the findings of this clinical study are impor-
tant, it has several limitations. First, this was a non-ran-
domized study, which limited the availability of data and
did not allow us to collect additional data to facilitate fur-
ther investigation. However, a placebo-controlled study is
impossible from an ethical standpoint because Al treat-
ment clearly decreases BMD. Therefore, we felt that a
non-randomized, prospective study was the best option
in this case. The second limitation was the small sample
size of the clinical study on which this analysis was based.
A larger sample size could have provided more reliable
results. The final limitation of our study is that a central-
ized DXA data review was not performed, as we felt that
this was beyond the scope of this investigation. In future
studies, a more extensive review of the literature could
provide additional data to support our findings.

In this study, we described the 24-month results of
changes in the percentage of BMD, bone remodeling mark-
ers, and side effects in postmenopausal Japanese women
receiving denosumab with adjuvant Als for non-metastatic
breast cancer. At 24 months, semiannual treatment with
denosumab was associated with consistently increased
BMD in Japanese women receiving adjuvant Al therapy,
regardless of whether they underwent prior Al therapy.
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