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Abstract

Introduction Bisphosphonates and denosumab increase bone mineral density (BMD) for osteoporosis treatment in patients
with aromatase inhibitor-associated bone loss (AIBL). This study aimed to directly compare bisphosphonates with denosumab
in treating patients with AIBL and to determine the effect of denosumab on the trabecular bone score (TBS).

Materials and methods Thirty-nine patients with AIBL receiving osteoporosis treatment (21 in the bisphosphonates group
and 18 in the denosumab group) were retrospectively evaluated for changes in lumbar spine and femoral BMD, lumbar spine
bone quality (assessed by TBS), and blood bone metabolic markers. The Mann—Whitney and Wilcoxon tests were used for
statistical evaluation.

Results After 24 months of treatment, the lumbar spine BMD change rate was 5.82+ 1.10% with bisphosphonates and
10.49 + 1.20% with denosumab, with the change rate of denosumab significantly increasing over that of bisphosphonates. The
change rate in femoral BMD was 2.69 + 1.16% with bisphosphonates and 2.95 + 1.26% with denosumab, with no significant
difference between the two groups. The rate of decrease in tartrate-resistant acid phosphatase isoform 5b was significantly
higher in the denosumab group. The change rate in TBS at 24 months of treatment was 0.53 +1.26% in the bisphosphonates
group and 1.08 + 1.33% in the denosumab group, with no significant difference between the two groups. After 24 months,
TBS remained stable.

Conclusion Both bisphosphonates and denosumab may increase BMD, improve bone metabolism, and inhibit bone quality
loss in patients with AIBL.
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Introduction

Breast cancer has a high morbidity and survival rate. Main-
D4 Shin Saito taining and improving health and quality of life (QOL) after

saito_s @yokohama-cu.ac.jp experiencing breast cancer is as important as breast cancer
treatment. Cancer treatment-induced bone loss (CTIBL)
is an important factor in the decline of women’s QOL and

Department of Gynecology, Yokohama City University
Medical Center, 4-57 Urafunecho, Minami-ku, Yokohama,

Kanagawa 232-0024, Japan healthy life expectancy. Particularly, aromatase inhibitor

2 Department of Breast Surgery, Yokohama City University (AI) is widely used as postoperative therapy in patients with
Medical Center, 4-57 Urafunecho, Minami-ku, Yokohama, hormone receptor-positive postmenopausal breast cancer. Al
Kanagawa 232-0024, Japan effectively prevents breast cancer recurrence but suppresses

3 Reproduction Center, Yokohama City University Medical residual ovarian function, resulting in reduced bone min-
Center, 4-57 Urafunecho, Minami-ku, Yokohama, eral density (BMD) and increased fractures, which reduces
Kanagawa 232-0024, Japan patients’ QOL [1-3].

4 Department of Obstetrics and Gynecology, Yokohama City Bone modifying agent (BMA) interventions such as bis-
University Hospital, 3-9 Fukuura, Kanazawa-ku, Yokohama, phosphonates and denosumab for CTIBL can reduce bone

Kanagawa 236-0004, Japan

Published online: 13 August 2024 @ Springer


http://orcid.org/0000-0002-9435-6416
http://crossmark.crossref.org/dialog/?doi=10.1007/s00774-024-01542-2&domain=pdf

Journal of Bone and Mineral Metabolism

loss and fractures in postmenopausal patients with breast
cancer [4, 5]. In addition, BMA reduces the risk of bone
metastasis and all-cause mortality in patients with breast
cancer, and bone health care for breast cancer has been gain-
ing attention [6—8]. The recommended duration of postop-
erative therapy is longer than 5 years. However, the risk of
bone fracture increases as the treatment duration is extended,;
thus, the safety and efficacy of osteoporosis treatment must
also be examined from a long-term perspective [9-12].

BMD and bone quality are important aspects of osteo-
porosis treatment. Bone quality is an independent factor of
bone strength that cannot be defined by BMD. It encom-
passes various parameters such as bone microstructure,
bone metabolic turnover, microfractures, and calcification
of bone tissue [13]. Bone quality is classified into struc-
tural and material types, whereas the trabecular bone score
(TBS) is an evaluation method of structural properties, with
a higher TBS indicating a better microstructure and a lower
TBS indicating a degraded microstructure. TBS is an evalu-
ation method that reflects the trabecular bone microstructure
in lumbar spine dual-energy X-ray absorptiometry (DXA)
images. It can be calculated by importing the measurement
data of existing DXA methods into analysis software, which
enables retrospective examination. It has the advantages of
being simple, versatile, and free from additional patient radi-
ation exposure and medical costs [14, 15]. Clinically, TBS
is considered useful in primary osteoporosis and secondary
osteoporosis such as aromatase inhibitor-associated bone
loss (AIBL) when used in conjunction with BMD assess-
ment as a tool to predict current and future fragility frac-
tures, detect and predict fractures, and monitor the patient’s
treatment response [16].

Bisphosphonates have been suggested to improve BMD
and maintain TBS in osteoporosis treatment in general, while
denosumab improves BMD and TBS. These results suggest
that denosumab may have a greater therapeutic effect than
bisphosphonates in terms of BMD and bone quality [10, 17].

Bisphosphonates and denosumab have also been used to
treat AIBL, with previous studies reporting that each drug
increases BMD and prevents fractures [18-24]. Although
bisphosphonates reduce TBS in patients with AIBL [25-27],
few studies have examined the effect of denosumab on TBS;
only one study worldwide has directly compared the two
drugs.

This study aimed to directly compare the efficacy of bis-
phosphonates and denosumab in AIBL treatment based on
BMD, bone quality (assessed by TBS), and bone metabolism
markers and to determine the effect of denosumab on TBS
in Japan.
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Materials and methods
Study design

This was a single-center retrospective study. The partici-
pants were 39 patients with AIBL treated for osteoporosis
at Yokohama City University Medical Center (Yokohama,
Kanagawa Prefecture) between September 2015 and March
2021, using bisphosphonates or denosumab formulations.

Participants

Thirty-nine patients were treated with bisphosphonates
(21 patients) and denosumab (18 patients). Patients
treated with bisphosphonates received alendronate sodium
hydrate, risedronate sodium hydrate, or minodronic acid
hydrate. Patients treated with denosumab received 60 mg
of denosumab every 6 months. Patients chose their drugs
after being informed of the efficacy, administration
method, and adverse effects of the bisphosphonates and
denosumab. Patients who received denosumab were also
treated with vitamin D preparation (alfacalcidol 1.0 ug/
day), and the dose was reduced as needed, paying attention
to Ca metabolism in blood and urine.

All patients met the following selection criteria and
none of the exclusion criteria. Selection criteria: (1) post-
menopausal women, (2) those older than 40 years of age at
the start of osteoporosis treatment, (3) those treated with
Al for breast cancer at our hospital, (4) those treated with
bisphosphonates or denosumab for osteoporosis treatment
at our hospital, (5) those started and continued osteoporo-
sis treatment for at least 2 years, (6) those with a lumbar
spine or femoral baseline BMD t-score < — 1.5. Exclu-
sion criteria: (1) patients receiving continuous treatment
with osteoporosis drugs before coming to our hospital,
(2) patients with bone metastases, (3) patients who used
bisphosphonates or denosumab as osteoporosis drugs but
changed the drugs during treatment, and (4) patients with
severe vertebral or femoral disease.

Clinical data

Clinical data (age, height, weight, body mass index, preva-
lent fracture, chemotherapy, radiotherapy history, DXA,
and blood data) of all patients with AIBL were collected
from medical records, patient forms, and DXA data from
Yokohama City University Medical Center.

Informed consent for publication was obtained from
all individual participants included in the study. This
study protocol complied with the Declaration of Helsinki,
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and approval was obtained from the Ethics Committees
of Yokohama City University School of Medicine (IRB
number: B200300009).

Assessment of outcomes and statistical analysis

We retrospectively evaluated the change rate of lumbar spine
and femoral BMD, lumbar spine TBS score, and bone meta-
bolic markers (tartrate-resistant acid phosphatase isoform 5b
(TRACP-5b), N-terminal propeptide of type I procollagen
(total PINP)), before, 6, 12, 18, and 24 months after bispho-
sphonates and denosumab treatment.

The assessment points were the comparison of the change
rate in lumbar spine and femoral BMD and bone metabolic
markers between the bisphosphonates and denosumab and
the effect after 24 months of treatment. The effect of the
denosumab on TBS was also assessed.

Statistical analysis was performed using the software pro-
gram JMP Pro® 15.0 (SAS Institute Inc., Cary, NC, USA).
Mann—-Whitney test was used to compare the median val-
ues between the two groups, and analysis of covariance was
performed to adjust for covariates. The Wilcoxon test with
correspondence was used for pre- and post-treatment com-
parisons for each group. A value of p<0.05 was considered
statistically significant.

Measurement of BMD and TBS

DXA scans were conducted on the QDR 4500A (Hologic,
Waltham, MA, USA). The coefficient of variation of the
QDR 4500A was 0.52%, and the least significant change was
1.44% [28]. This study evaluated the lumbar spine (L2-L4)
and femoral BMD, and the 2001 Osteoporosis Diagnos-
tic Criteria of the Japanese Society for Bone and Mineral
Research was used as the standard for osteoporosis [29].

TBS measurements were evaluated retrospectively from
DXA spinal images using TBS iNsight software (version
3.0, Medimap, Geneva Switzerland) post-calibration. The
following normal ranges for TBS in postmenopausal women
have been proposed: TBSs 1.350 and above, normal micro-
architecture; TBSs between 1.200 and 1.350; partially
degraded microarchitecture represents borderline risk of
fracture; and TBSs 1.200 and below, degraded microarchi-
tecture represents the highest risk of fracture [14].

Results

Table 1 presents the background characteristics and results
of 39 patients with AIBL, 21 in the bisphosphonates group
and 18 in the denosumab group, including age at breast can-
cer onset in both groups, time from Al start to pre-treatment
DXA, physical assessment, history of prior fractures, prior

chemotherapy and radiation therapy, DXA levels before bis-
phosphonates or denosumab treatment, and bone metabolic
marker levels. There were three prevalent fractures in the
bisphosphonate group (14.3%, two thoracic spine fractures
and one distal radius fracture) and two in the denosumab
group (11.1%, one thoracic spine fracture and one dis-
tal radius fracture). The results did not differ significantly
between the groups. No patients used cyclin-dependent
kinase inhibitors.

Comparison of lumbar spine BMD change rates
between treatment groups

The mean change rate in lumbar spine BMD from baseline
was 2.21+1.12% vs. 7.48 +1.21% (p <0.01) in the bispho-
sphonates vs. denosumab groups at 6 months, 4.60 +0.82%
vs. 8.47+0.90% (p<0.01) at 12 months, and 4.27 +1.16%
vs. 9.70£1.23% (p<0.01) at 18 months, and 5.82+1.10%
vs. 10.49+1.20% (p <0.01) at 24 months, with all values
significantly higher in the denosumab group (Fig. 1).

Changes in lumbar spine BMD in the first 24 months
of treatment

The lumbar spine BMD change from baseline to 24 months
after the start of treatment increased significantly in both the
bisphosphonates (p <0.01) and denosumab groups (p <0.01)
(Table 2).

Comparison of femoral BMD change rates
between treatment groups

The mean change rate in femoral BMD from baseline was
1.67+0.99% vs. 0.31+1.08% (p=0.53) in the bisphos-
phonates vs. denosumab groups at 6 months, 2.84 +0.99%
vs. 3.11+1.08% (p=0.87) at 12 months, 2.88+0.91% vs.
2.44+0.96% (p=0.95) at 18 months, and 2.69 +1.16% vs.
2.95+1.26% (p=0.93) at 24 months, with no significant
difference between the two groups at all time points (Fig. 2).

Change in femoral BMD in the first 24 months
of treatment

From baseline to 24 months after the start of treatment, fem-
oral BMD significantly improved in both the bisphospho-
nates (p <0.05) and denosumab groups (p <0.05) (Table 2).

Comparison of change rate in bone metabolic
markers between treatment groups

TRACP-5b and total PINP decreased rapidly in both groups

after the start of treatment. The mean change rate of TRACP-
5b from baseline was — 36.5+6.52% vs. — 59.5+7.86%
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Table 1 Clinical characteristics

. ° Bisphosphonate (N=21)  Denosumab (N=18) p-value
of all the patients with AIBL
treated bisphosphonate and Age at diagnosis of breast cancer (years) 65.0  (59.0-68.2) 62.7  (55.6-67.0) N.S
denosumab Duration from the start of AT to pre- 1160 (22.0-413.0) 300 (22.0-348.0) NS
treatment DXA (days)
Height (cm) 153.1 (148.1-156.0) 154.0 (153.0-157.9) N.S
Weight (kg) 517  (47.0-56.4) 52.8  (46.1-56.1) N.S
BMI (kg/m?) 22,6 (19.3-24.1) 220  (20.0-23.9) N.S
Prevalent fracture (%) 14.3 11.1 N.S
Chemotherapy (%) 33.3 333 N.S
Radiotherapy (%) 57.1 61.1 N.S
Use of steroidal AI (%) 0 5.6 N.S
Lumbar spine (L2-4)
BMD (g/cm?) 0.72  (0.66-0.77) 0.73  (0.71-0.78) N.S
T-score —2.60 (—3.202.20) —245 (—=270to —2.10) N.S
YAM (%) 71.0  (65.0-76.0) 70.5  (64.8-76.0) N.S
TBS 1.23  (1.19-1.32) 1.25  (1.19-1.30) N.S
Femoral neck
BMD (g/cm?) 0.56  (0.53-0.58) 0.56  (0.52-0.62) N.S
T-score —210 (—240to—1.90) —2.15 (—2.55t0o—1.75) N.S
YAM (%) 71.0  (67.0-74.0) 70.5  (64.7-76.0) N.S
TRACP-5b (mU/dL) 512.0 (335.0-579.0) 430.5 (309.0-512.5) N.S
Total PINP (pg/L) (ECLIA) 63.8  (57.6-89.3) 579  (48.7-75.8) N.S
ucOC (ng/mL) 6.02  (4.11-8.37) 5.64  (4.05-9.40) N.S
Intact PTH (pmol/L) 44.0  (39.0-60.0) 425  (39.0-51.3) N.S

All clinical data of patients with AIBL were collected from the medical records of Yokohama City Univer-
sity Medical Center. Data are expressed as median (interquartile range). p values were determined by the
Mann—Whitney test to compare the median values between the two groups

Al aromatase inhibitor, BMI body mass index, BMD bone mineral density, YAM young adult mean, TBS
trabecular bone score, TRACP-5b tartrate-resistant acid phosphatase isoform 5b, total PINP N-terminal
propeptide of type I procollagen, ucOC undercarboxylated osteocalcin, PTH parathyroid hormone, N.S. not
significant, DXA dual-energy X-ray absorptiometry

*Differences at p<0.05 are considered statistically significant

(p <0.05) in the bisphosphonates vs. denosumab groups
at 6 months, — 39.2+6.93 vs. — 65.2+7.99 (p<0.05) at
12 months, and — 39.1 +£4.89 vs. — 66.2+6.07% (p<0.01)
at 24 months, with the change rate significantly declined in
the denosumab group in all periods (Fig. 3).

The mean change in total PINP from baseline was
— 52.5+4.01% vs. — 66.7+4.71% (p=0.06) in the
bisphosphonates vs. denosumab groups at 6 months,
—56.4+4.98% vs — 75.9+5.78% (p <0.05) at 12 months
and — 59.3+£3.76% vs — 71.2+4.66% (p=0.20) at
24 months, showing a significant difference in the change
rate at 12 months (Fig. 4).

Changes in bone metabolic markers from the start
of treatment to 24 months

The change rate from baseline to 24 months after the start of

treatment was significantly reduced in both the bisphospho-
nates (p <0.01) and denosumab groups (p<0.01) (Table 2).
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Data on bone metabolic markers 18 months after treatment
were excluded because of many missing values.

Comparison of the rate of change in TBS
between treatment groups and the impact
of 24 months of treatment

The mean change rate from baseline in lumbar spine TBS
by DXA was — 1.91+1.12% vs. — 1.09+1.22% (p=0.49)
at 6 months, — 0.08+1.08% vs. — 0.27+1.17% (p=0.96)
at 12 months, — 0.97 £1.19% vs. 0.29+1.26 (p=0.47)
at 18 months, 0.53+1.26% vs. 1.08 £ 1.33% (p=0.61) at
24 months in the bisphosphonates vs. denosumab groups. No
significant difference was observed between the two groups
at any time point (Fig. 5). From baseline to 24 months after
the start of treatment, no significant difference existed
between the bisphosphonates (p=0.66) and denosumab
groups (p=0.52).
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Fig.1 Lumbar spine BMD change rate of bisphosphonate and deno-
sumab administration over 24 months. The mean changes rate from
baseline are 2.21+1.12% vs. 7.48+1.21% (p<0.01) at 6 months,
4.60+0.82% vs. 8.47+0.90% (p<0.01) at 12 months, 4.27+1.16%
vs. 9.70+1.23% (p<0.01) at 18 months, and 5.82+1.10% vs.
10.49+1.20% (p<0.01) at 24 months in the bisphosphonates vs. den-

12 18 24  (months)

++ -+ Denosumab

osumab groups, with all values significantly higher in the denosumab
group. p-values were determined by the Mann—Whitney test to com-
pare the median values between the groups. *Differences at p<0.05
are considered statistically significant. BMD bone mineral density, vs.
versus

Table 2 Changes in BMD, TBS, and bone metabolism markers with bisphosphonate and denosumab treatment after 24 months

0 month 6 months 12 months 18 months 24 months p-value
Bisphosphonate

Lumber BMD (g/cm®) 0.72 0.74 0.74 0.74 0.73 <0.01"
(0.66-0.77) (0.66-0.77) (0.67-0.81) (0.66-0.78) (0.68-0.80)

Femoral BMD (g/cm?) 0.56 0.56 0.57 0.57 0.56 <0.05"
(0.53-0.58) (0.54-0.60) (0.55-0.60) (0.56-0.61) (0.55-0.58)

TRACPS5b (mU/dL) 512.0 304.0 264.0 271.0 <0.01"
(335.0-579.0) (222.6-364.8) (203.0-346.0) (200.3-356.8)

Total PINP (pg/L) 63.8 27.3 28.9 28.4 <0.01"
(57.6-89.3) (22.1-44.3) (22.6-40.0) (23.3-32.1)

TBS 1.23 1.23 1.23 1.22 1.24 0.66
(1.19-1.32) (1.18-1.31) (1.17-1.30) (1.17-1.28) (1.19-1.29)

Denosumab

Lumber BMD (g/cm?) 0.74 0.80 0.81 0.82 0.82 <0.01"
(0.71-0.78) (0.75-0.82) (0.75-0.84) (0.78-0.85) (0.79-0.87)

Femoral BMD (g/cm?) 0.56 0.55 0.57 0.55 0.56 <0.05"
(0.51-0.60) (0.51-0.61) (0.52-0.60) (0.52-0.62) (0.52-0.61)

TRACP5b(mU/dL) 430.5 123.5 107.0 111.0 <0.01"
(309.0-512.5) (99.0-162.0) (86.0-163.0) (83.8-174.0)

Total PINP (pg/L) 57.9 16.2 13.8 14.2 <0.01"
(48.7-75.8) (13.9-24.8) (11.4-19.0) (13.5-21.2)

TBS 1.25 1.23 1.24 1.26 1.27 0.52
(1.20-1.30) (1.19-1.27) (1.21-1.28) (1.22-1.28) (1.22-1.31)

Data are expressed as median (interquartile range). p-values were calculated by comparing median values between the two groups at baseline

and 24 months, using the Wilcoxon signed rank test

BMD bone mineral density, TBS trabecular bone score, TRACP-5b tartrate-resistant acid phosphatase isoform 5b, fotal PINP N-terminal propep-

tide of type I procollagen

*Differences at p <0.05 are considered statistically significant
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Fig.2 Femoral BMD change rate of bisphosphonate and deno-
sumab administration over 24 months. The mean change rates from
baseline are 1.67+0.99% vs. 0.31+1.08% (p=0.53) at 6 months,
2.84+0.99% vs. 3.11+1.08% (p=0.87) at 12 months, 2.88+0.91%
vs. 2.44+0.96% (p=0.95) at 18 months, and 2.69+1.16% vs.
2.95+1.26% (p=0.93) at 24 months in the bisphosphonates vs. deno-

sumab groups, with no significant difference between the groups at
all time points. p-values were determined by the Mann—Whitney test
to compare the median values between the two groups. *Differences
at p<0.05 are considered statistically significant. BMD bone mineral
density, vs. versus
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Fig.3 TRACP-5b change rate of bisphosphonate and denosumab
administration over 24 months. The mean change rates from base-
line are — 36.5+6.52% vs. — 59.5+7.86% (p<0.05) at 6 months,
— 3924693 vs. — 652+7.99 (p<0.05) at 12 months, and
—39.1+£4.89 vs. — 66.2+6.07% (p<0.01) at 24 months in the bis-
phosphonates vs. denosumab groups, with the change rate signifi-
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cantly decreased in the denosumab group at all periods. p-values were
determined by the Mann—Whitney test to compare the median values
between the two groups. *Differences at p <0.05 are considered sta-
tistically significant. TRACP-5b tartrate-resistant acid phosphatase
isoform 5b, vs. versus
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Fig.4 Total PINP change rate of bisphosphonate and denosumab
administration over 24 months. The mean changes from base-
line are — 52.5+4.01% vs. — 66.7+4.71% (p=0.06) at 6 months,
- 56.4+4.98% vs — 75.9+5.78% (p<0.05) at 12 months, and
—59.3+3.76% vs — 71.2+4.66% (p=0.20) at 24 months in the bis-
phosphonates vs. denosumab groups, showing a significant differ-
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ence in the change rate at 12 months. p-values were determined by
the Mann—Whitney test to compare the median values between the
two groups. *Differences at p<0.05 are considered statistically sig-
nificant. Total PINP N-terminal propeptide of type I procollagen, vs.

versus
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Fig.5 TBS change rate of bisphosphonate and denosumab admin-
istration over 24 months. The mean change rates from baseline
are — 1.91+1.12% vs. — 1.09+£1.22% (p=0.49) at 6 months,
— 0.08+1.08% vs. — 027+1.17% (p=0.96) at 12 months,
- 097x1.19% vs. 029+1.26 (p=0.47) at 18 months, and
0.53+1.26% vs. 1.08 +1.33% (p=0.61) at 24 months in the bisphos-

Discussion

Although AI agents are widely used as postopera-
tive therapy for postmenopausal patients with hormone

12 18 24 (months)

+-# .- Denosumab

phonates vs. denosumab groups. No significant difference is observed
between the groups at any time point. POvalues were determined by
the Mann—Whitney test to compare the median values between the
two groups. *Differences at p<0.05 are considered statistically sig-
nificant. TBS trabecular bone score, vs. versus

receptor-positive breast cancer and are effective in reduc-
ing recurrence rates, adverse events such as bone loss
impair patients’ QOL. Osteoporosis treatment is consid-
ered important for long-term health maintenance; thus,
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BMD and bone quality are important in determining the
therapeutic efficacy of BMA [30].

In this study, TBS was selected as the evaluation method
for bone quality. TBS has the advantage of being simple
and does not require additional examinations or exposure
to radiation because it is calculated using analysis software
based on existing lumbar spine DXA image data. However,
the disadvantages of TBS are that it evaluates only the lum-
bar spine region, does not evaluate the proximal femur, and
does not directly measure the bone microstructure. Although
high-resolution peripheral quantitative computed tomogra-
phy, which has become popular in recent years, can directly
analyze the bone microstructure of cortical bone and cancel-
lous bone by imaging the radius and tibia at high resolution
[31], it requires additional examination and associated radia-
tion exposure, as well as the purchase of equipment. There-
fore, we considered TBS simple and useful in this study.

Previous studies have suggested that BMD decreases dur-
ing Al treatment. Hong et al. reported a — 3.12% decrease in
lumbar spine BMD and — 2.4% in femoral BMD at 1 year
after the start of Al, and a — 1.39% decrease in lumbar spine
BMD and — 1.54% in femoral BMD 1-2 years after Al [32].
Conversely, other studies have demonstrated the therapeutic
effects of bisphosphonates and denosumab on BMD during
Al treatment. In a prospective study by Rodriguez-Sanz et al.
that examined the 5 year change in lumbar spine BMD with
bisphosphonates for AIBL, lumbar spine BMD increased
by 5.3% in patients treated with risedronate or alendronic
acid [27]. In a prospective study by Nakatsukasa et al. on
changes in lumbar spine BMD over 2 years in patients with
AIBL treated with denosumab, lumbar spine BMD increased
by 7% [33]. Here, lumbar spine BMD increased by 5.8%
with bisphosphonates and 10.4% with denosumab in patients
with AIBL at 24 months, showing the superiority of deno-
sumab over bisphosphonates, consistent with the results of
previous studies. In contrast, no difference existed in femoral
BMD between the two drugs, although there was a signifi-
cant increase at 24 months for both drugs. In general, the
femur is predominantly cortical bone and is less affected by
drug effects than the lumbar spine, which is predominantly
trabecular bone. This may be why there was no difference
in the increase in femoral BMD between the bisphosphonate
and denosumab groups in this study.

Regarding bone metabolic markers, TRACP-5b, a
bone resorption marker, and total PINP, a bone forma-
tion marker, were suppressed by both bisphosphonates and
denosumab. Eastell et al. reported increased bone metabo-
lism and resorption markers after treatment with Al alone
[34]. Brown et al. evaluated the effects of bisphosphonates
and denosumab on bone metabolic markers in patients
with general osteoporosis. They reported that although
both drugs significantly decreased bone metabolic mark-
ers, the effect of denosumab was more pronounced [35]. In
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this study, the effect of denosumab on metabolic markers
was also more significant than that of bisphosphonates,
indicating that the effect of denosumab is also significant
in suppressing bone metabolic markers in patients with
AIBL.

In patients with general osteoporosis, previous studies
have revealed a treatment effect of bisphosphonates and
denosumab on TBS and a difference in the effect of each
treatment. In a study by Gregorio et al. that examined the
2 year change in TBS in patients with osteoporosis, deno-
sumab significantly improved TBS by + 1.4% in patients
treated with alendronic acid or risedronate and by +2.8%
in patients treated with denosumab [36]. Kang et al. also
reported a significant increase in TBS changes over 2 years
in denosumab-treated patients with postmenopausal osteo-
porosis compared with zoledronic acid-treated patients [37].

Meanwhile, regarding the effect of treatment on TBS
in patients with AIBL, Rodriguez-Sanz et al. reported that
TBS was maintained in the risedronate or alendronic acid-
treated group compared with a 2.93% reduction in TBS in
the untreated AIBL group over 5 years [27]. Additionally,
Prasad et al. reported that changes in TBS over 2 years were
— 2.35% in the placebo group and — 1.3% in the oral rise-
dronate group, indicating that risedronate is effective in pre-
venting a decrease in TBS in patients with AIBL [38].

Antonini et al. also retrospectively investigated changes
in TBS in patients with AIBL and reported that denosumab
significantly increased TBSs; however, treatment with bis-
phosphonate did not significantly change TBS [39].

In the present study, no significant difference in TBS
was observed between bisphosphonates and denosumab
after 24 months of treatment in patients with AIBL. The
reasons for the differences between the present study and
the study by Antonini et al. may be due to differences in
sample size, race, and TBS baselines. The median TBS in
the present study is lower than that of Antonini et al. for both
denosumab and bisphosphonate. Gregorio et al. reported that
lower TBS may disrupt bone bridge continuity and make it
more difficult to improve TBS [36], which may have caused
this study to differ from Antonini et al. However, similar to
the previous study, both drugs suppressed the decrease in
TBS at 24 months after treatment. The change in TBS with
bisphosphonates and denosumab was a temporary decrease
at 6 months, followed by a gradual increase to an increase
exceeding pre-treatment levels at 24 months, which suggests
that long-term treatment would further increase TBS.

Differential effects of denosumab and bisphosphonate
on TBS may be due to different mechanisms. Specifically,
denosumab may preserve the trabecular microstructure by
preventing plate perforation and preserving axially aligned
trabeculae [40]. It may further improve the trabecular micro-
structure by preserving modeling-based bone formation
despite its potent inhibition of remodeling [41].
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One recent study showed that, compared with BMD,
TBS does not decrease as rapidly after menopause, but TBS
reduction is accelerated in postmenopausal women taking Al
agents [42]. Bone loss induced by Al agents is more rapid
and more severe than the bone loss that occurs in postmeno-
pausal osteoporosis, and bone quality may be significantly
affected by Al therapy.

As inferred from previous studies, the effect of bispho-
sphonate preparations in improving TBS in patients with
osteoporosis in general is attenuated in AIBL, with only a
reduction in TBS. In the present study, oral bisphosphonate
and denosumab were able to maintain stable TBSs through-
out the 2 year treatment period of Al, counteracting the
negative effects of Al agents on bone quality.

Consequently, Al agents may affect bone microstructure,
and clinically, not only BMD but also bone quality should be
assessed. Kaldar et al. reported an independent reduction in
BMD and TBS in patients with breast cancer treated with the
Al agent exemestane [43]. Thus, assessment of TBS should
be performed to evaluate fracture risk and monitor patients
receiving AIBL treatment.

This study had some limitations despite obtaining impor-
tant results. These include the single-center retrospective
study design, the lack of randomized selection of patients,
missing data, and the short follow-up period of 24 months.
This retrospective design and analysis were undertaken for
exploratory purposes. Therefore, the problem of patients not
being randomized or missing data was inevitable. We believe
that larger cohort studies are needed to confirm the find-
ings of this study because the retrospective analysis lacked
the accuracy of the results compared to a cohort study. In
addition, internationally, DXA is often assessed at L1-L4
in the lumbar spine, whereas in Japan, it is often assessed at
L2-L4. Although it is preferable to assess at L1-L.4 when
directly comparing with other international studies, we
believe that this study is also valuable.

Despite these limitations, this is the first study to com-
pare denosumab and bisphosphonates in Japanese patients
with breast cancer and to show that denosumab may reduce
the decline in TBS better than bisphosphonates. We plan
to confirm the validity of this study by accumulating more
cases in the future.
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