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ABSTRACT

Aims/Introduction: Patients with type 2 diabetes mellitus have a higher bone fracture
risk than patients without diabetes. Although denosumab (Dmab) is a potent bone resorp-
tion inhibitor, its efficacy in patients with type 2 diabetes mellitus has not been elucidated.
In this study, we investigated the effects of switching to Dmab from bisphosphonates
(BP) or a selective estrogen receptor modulator (SERM) in postmenopausal type 2 diabetes
mellitus patients.

Materials and Methods: This was a three medical institutions, prospective, observa-
tional study for postmenopausal patients with type 2 diabetes mellitus whose T-score of
femoral neck or lumbar spine bone mineral density was under —1.0 standard deviation,
even after >6 months of BP or SERM administration. After obtaining consent, participants
were treated for osteopenia/osteoporosis by either continuing BP (BP-BP group)/SERM
(SERM-SERM group), or by switching to Dmab (BP-Dmab or SERM-Dmab groups). Changes
in bone mineral density and bone metabolism marker levels were evaluated after

6 months.

Results: A total of 48 patients were included in this study, and each group comprised
12 patients. No significant difference existed in baseline characteristics among the groups.
The average age and glycated hemoglobin were 71 £ 8 years and 7.2 + 0.9%, respec-
tively. In the SERM-Dmab group, lumbar spine bone mineral density was significantly
increased by 5.0% compared with the SERM-SERM group (P < 0.04). Serum bone-specific
alkaline phosphatase and tartrate-resistant acid phosphatase 5b were significantly
decreased in the BP-Dmab and SERM-Dmab groups compared with the BP-BP and SERM-
SERM groups, respectively.

Conclusions: Switching to Dmab from BP or SERM is beneficial to prevent osteoporo-
sis progression in postmenopausal patients with type 2 diabetes mellitus patients.
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INTRODUCTION

Because of the rapid increase in our aging population, the
number of patients with osteoporosis is rising each year and is
estimated to be 13 million in Japan'. In addition, the frequency
of fractures in diabetes patients is higher than in patients with-
out diabetes, and the relative risk of proximal femoral fractures
is three- to sevenfold higher in patients with type 1 diabetes”
and 1.3-2.8-fold higher in patients with type 2 diabetes melli-
tus>°. Bone strength is defined by two factors: bone mineral
density (BMD) and bone quality. It is well-known that fracture
rates are higher in patients with type 2 diabetes mellitus com-
pared with the non-diabetic population, even at the equivalent
BMD, as a result of their deteriorated bone quality”®, and that
BMD does not always correlate with fracture events in type 2
diabetes mellitus patients™".

Denosumab (Dmab) is a fully human monoclonal antibody
with a high affinity for receptor activator of nuclear factor-
kappa B ligand, which is a key mediator of osteoclast differenti-
ation, activation and survival. Dmab suppresses osteoclastogene-
sis and bone resorption, resulting in decreases in the levels of
bone resorption markers and increases in BMD in the lumbar
spine (LS) and femoral neck (FN) compared with the bisphos-
phonate (BP) preparation'’. Several studies reported switching
to Dmab from BPs, and Dmab was shown to be superior to
almost all commercially available BPs in terms of BMD
increase and bone turnover marker suppression'>'®, BMD
increases in response to Dmab were similar between responders
and non-responders to previous BP treatment'’. It was also
shown that LS and FN BMD values increased significantly at
weeks 24 and 48 compared with week 0 after switching from
SERM to Dmab in 19 osteoporotic women'®, Although Dmab
is effective in patients with BP- and SERM-resistant primary
osteoporosis'>'’, there have been no reports on its effects in
the type 2 diabetes mellitus population or the effects of switch-
ing from SERM to Dmab. Therefore, we investigated the
changes in BMD and bone quality markers that occur after
switching to Dmab in BP- or SERM-resistant postmenopausal
type 2 diabetes mellitus patients.

METHODS
Study population
Postmenopausal Japanese women with type 2 diabetes mellitus
who regularly visited Hokkaido University Hospital, Sapporo
Medical Center NTT EC and Hokkaido Spinal Cord Injury
Center, Sapporo, Japan, were assessed for eligibility for the pre-
sent study. All participants provided written informed consent
before study enrollment. The inclusion criteria were as follows:
type 2 diabetes complicated with postmenopausal osteopenia/
osteoporosis even after taking BP or SERM with active vita-
min D (VitD) for >6 months, FN or LS BMD young adult
mean value <80% (equivalent to T-score <—1.0 standard devia-
tion [SD]) and glycated hemoglobin level <10%.

We excluded patients who were prescribed pioglitazone,
would be taking incretin-related drugs during the observation
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period or had serious liver/renal dysfunction and hypocalcemia,
which is a contraindication for Dmab. Serious liver dysfunction
was defined as the serum liver transaminases more than twice
as high as the upper limit of normal or when total bilirubin
was above the upper limit of normal. Serious renal dysfunction
was defined as the estimated glomerular filtration rate <30 mL/
min/1.73 m”. The present study was approved by the ethics
committee of each participating site, and it was carried out in
accordance with the Declaration of Helsinki (No. 013-0351).
This study was registered with the UMIN Clinical Trial Regis-
try (UMIN 000015136).

Protocol

This was a 24-week, prospective, parallel-group, observational
study carried out in the three medical institutions conducted
from September 2014 to September 2016. Patients were either
switched from BP/SERM to Dmab (BP-Dmab group/SERM-
Dmab group, respectively) or continued BP/SERM therapy
(BP-BP group/SERM-SERM group, respectively) according to
each attending physician’s decision. Active VitD was continued
at the same dose. Patients received subcutaneous Dmab
(60 mg/6 months, Daiichi Sankyo Company, Tokyo, Japan).
The primary outcomes of this study were the changes in BMD
and bone metabolic markers after 24 weeks. LS and FN BMD
were assessed using T-scores and young adult mean values
obtained by dual-energy X-ray absorptiometry (Discovery X;
Hologic, Waltham, MA, USA). In addition to 25-OH-VitD,
bone metabolic markers, including serum bone-specific alkaline
phosphatase (BAP), serum tartrate-resistant acid phos-
phatase 5b (TRACP-5b), plasma pentosidine (PEN) and serum
undercarboxylated osteocalcin, were evaluated and measured at
the central research center of SRL (SRL, Inc., Tokyo, Japan).
Other blood urine tests, including glycated hemoglobin, and
other data, such as blood pressure and bodyweight, were col-
lected at baseline and 24 weeks of observation. We also
assessed the fracture risk assessment tool (FRAX®) score, which
was developed by the World Health Organization as an index
of the risk for major osteoporotic and hip fractures within the
next 10 years.

Statistical analysis

The data were analyzed and compared using BellCurve for
Excel (Social Survey Research Information Co., Ltd., Tokyo,
Japan). Continuous variables were analyzed by t-tests or the
Mann-Whitney U-test, as appropriate. We used the paired ¢-
test for within-group analysis, and the unpaired t-test to com-
pare Dmab-switching and control groups. Comparisons of the
frequency among two groups were carried out by either the -
test or Fisher’s exact test, as appropriate. P-values < 0.05 were
considered to show statistical significance.

RESULTS

Baseline characteristics

A total of 48 type 2 diabetes mellitus patients (12 per group)
were enrolled in the present study, and six patients
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Menopausal T2DM patients with osteopenia or osteoporosis
after BP or SERM plus active VitD treatment for at least 6 months.
(BP:n =24, SERM: n = 24)
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Continue BP/SERM or switch to Dmab
Written informed consent
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Hypercalcinemia >
(n=1)
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Hospitalization
for pneumonia
(n=1)
Hospital
interruption
(n=1)

Figure 1 | Flow diagram of the study. BP, bisphosphonate; Dmab, denosumab; SERM, selective estrogen receptor modulator; T2DM, type 2

diabetes mellitus; VitD, vitamin D.

discontinued the study during the 6-month treatment period
(Figure 1). Two in the BP-BP group and one in the SERM-
SERM group were discontinued because of hypercalcinemia
likely due to active VitD. After termination of active VitD,
plasma calcium levels immediately normalized. The reasons for
the discontinuation of the other three patients included one
radial fracture in the SERM-SERM group, one hospitalization
for pneumonia in the SERM-Dmab group and one hospital
interruption in the SERM-Dmab group (Figure 1). No severe
adverse events were reported in any of the groups during the
study.

The average of age, body mass index and glycated hemo-
globin of the 48 participants were 71 *+ 8 years, 25.5 + 3.9 kg/
m® and 7.2 + 0.9%, respectively. Of the antidiabetic agents,
biguanides and dipeptidyl peptidase-4 inhibitors accounted for
as much as 60%, and overall, 17-33% of patients used insulin.
Sodium-—glucose cotransporter 2 inhibitors were used by just
two patients. There was no significant difference in baseline
characteristics among any of the groups (Table 1). The LS
BMD T-scores and FN BMD T-scores were —1.2 + 1.0 SD
and —2.0 = 04 SD, respectively. BAP, TRACP-5b and under-
carboxylated osteocalcin were 10.0 = 3.3 SD, 1964 * 744 SD
and 1.8 + 2.2 SD, respectively. The number of patients with
existing fractures other than vertebra fractures was two or less
in each group, and there was no significant difference among

the four groups. The baseline FRAX® score was <15% in all
groups, and there was no significant difference between any
of the groups (BP-BP group 14.5=* 58%, BP-Dmab
14.6 + 55%, SERM-SERM 104 * 25% and SERM-Dmab
12.2 + 4.6%; Table 1).

Outcomes

Although the LS BMD tended to increase in the BP-Dmab
group after 6 months (P = 0.17), there was no significant dif-
ference between changes in the BP-BP and BP-Dmab groups
(Table 2). However, the LS BMD significantly increased in the
SERM-Dmab group from 0.88 £ 0.17% to 0.92 % 0.15%
(P =0.04), and the change in LS BMD in the SERM-Dmab
group was significantly higher than that in the SERM-SERM
group (+5.3 = 4.2% vs +0.3 = 1.8%, P = 0.04; Table 3). The
changes in FN BMD were not significantly different between
any of the groups, between the BP-BP group and the BP-Dmab
group, or between the SERM-Dmab group and the SERM-
SERM group (Tables 2,3).

The percentage changes in BAP and TRACP-5b were signifi-
cantly lower in the BP-Dmab group than in the BP-BP group
(-13.7 £ 12.3 vs 424 £ 139 and +4.4 + 229 vs +29.5 + 16.1;
P < 0.05, respectively; Table 2). Similarly, the percentage
changes in BAP and TRACP-5b were significantly lower in the
SERM-Dmab group than in the SERM-SERM group (—
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Table 1 | Baseline characteristics of patients
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BP group SERM group
BP-BP (n = 12) BP-Dmab (n = 12)  P-value  SERM-SERM (n = 12)  SERM-Dmab (n = 12)  P-value

Age (years) 714+ 57 716 £ 68 NS 728+ 117 709 £ 114 NS
Years since menopause 193+ 59 218+ 73 NS 216+ 62 214+ 101 NS
BMI (kg/! m?) 249 + 46 257 £ 40 NS 240 + 40 261 + 26 NS
LS BMD T-score (SD) -10%+10 -12+08 NS -12+16 -13+13 NS
FN BMD T-score (SD) —22+04 —20%03 NS -18+ 04 21+ 04 NS
HbA1c (%) 71+10 74+ 12 NS 71+£03 73+ 04 NS
eGFR (mL/min/1.73 m?) 60.7 £ 127 643 + 154 NS 754+ 158 654 + 124 NS
UACR (mg/gCre) 150+ 93 923+ 1016 NS 1722 + 2808 260 + 145 NS
Albumin-adjusted serum Ca (mg/dL) 100 £ 03 99 + 038 NS 99+ 02 97 £ 06 NS
Serum P (mg/dL) 37108 35+ 06 NS 33107 36+ 08 NS
Intact PTH (pg/mL) 340 £ 184 36.7 £ 221 NS 468 = 10.2 432 + 203 NS
25-OH-VitD (ng/mL) 218+ 74 225+ 66 NS 195+ 69 203 £ 52 NS
FRAX® score

Major osteoporotic (%) 145+ 58 146 £ 55 NS 104 £ 25 122 + 46 NS

Hip fracture (%) 36+ 21 29+ 15 NS 24+ 15 2717 NS
Serum pentosidine (ug/mL) 00546 + 00241 00538 + 00247 NS 00764 £+ 0.0305 0.08% =+ 0.0925 NS
No. antidiabetes drugs 23+ 14 1711 NS 2714 21 £08 NS
Medications (antidiabetes)

SU, n (%) 3 (25) 542 9 (75) 4 (33)

Biguanides, n (%) 8 (67) 6 (50) 6 (50) 8 (67)

DPP-IV inhibitors, n (%) 8 (67) 6 (50) 8 (67) 7 (58)

GLP-1 analogs, n (%) 10 0(0) 0 (0) 0 (0)

SGLT2 inhibitors, n (%) 10 0 () 10 0 ()

aGl, n (%) 2(17) 2(17) 4 (33) 2(17)

Insulin, n (%) 4 (33) 3 (25) 2(17) 4 (33)
Medications (anti-osteoporosis)

Minodronic acid 50 mg, n (%) 12 (100) 12 (100) - -

Bazedoxifene 20 mg, n (%) - - 12 (100) 12 (100)

Eldecalcitol 0.75 pg, n %) 11 (92) 10 (83) 1192 11 (92)

Alfacalcidol 1.0 pg, n (%) 18 2(17) 1(8) 8)

Data are reported as the mean + standard deviation. BMD, bone mineral density; BMI, body mass index; BP, bisphosphonate; Dmab, denosumab;
eGFR, estimated glomerular filtration rate; DPP-V, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; FRAX score, fracture risk assessment score;
FN, femoral neck; HbA1c, glycated hemoglobin; LS, lumber spine; NS, no significance; PTH, parathyroid hormone; SERM, selective estrogen receptor
modulator; SGLT2, sodium—glucose cotransporter 2; SU, sulfonylureas; UACR, urinary albumin-to-creatinine ratio; 25-OH-VitD, 25-hydroxyvitamin D;

aGl, a-glucosidase inhibitors.

22,6 £232 vs +19.6 £ 204 and 7.1 £ 26.7 vs +37.9 £ 20.5;
P < 0.05, respectively; Table 3). Although BAP and TRACP-5b
changed during the 6 months, the percentage changes in PEN
and undercarboxylated osteocalcin were not different between
the BP-BP and BP-Dmab groups or the SERM-Dmab and
SERM-SERM groups (Tables 2,3).

DISCUSSION

This is the first prospective observational study in which BP or
SERM was switched to Dmab in postmenopausal patients with
osteoporosis and type 2 diabetes mellitus who had osteopenia
or osteoporosis after BP or SERM treatment with active VitD.
The participants of this study were aged in their early 70s, and
thus, they were not too young or too old to treat their

postmenopausal osteoporosis. Although the FRAX® scores of
the participants were not particularly high in the present study,
it has been reported that the fracture risk for type 2 diabetes
mellitus should be considerably higher than the calculated
FRAX® score. The actual incidence of proximal femoral frac-
tures is 1.5- or 2.1-fold higher than the FRAX® value in
patients with diabetes for a longer duration of >5 years or
>10 years, respectively'®. In the present study, 91% of partici-
pants have had diabetes for >5 years, and 67% have had the
disease for >10 years. Therefore, the participants in this study
could be at high risk of osteoporotic fractures.

Although the present study had a short observation period,
no rapid increase in fracture rate was observed by switching to
Dmab. LS BMDs measured by dual-energy X-ray
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absorptiometry significantly improved in the SERM-Dmab
group, even during the relatively short 6-month observation
period. In general, Dmab shows a stronger bone resorption
inhibitory effect than SERM™, leading to higher increases in
bone density. In contrast, no improvement was observed in LS
BMD between the BP-BP and BP-Dmab groups. The effect of
VitD insufficiency on bone metabolism is negligible in this
study because active VitD was given in all cases. Although the
exact reason for the difference in the change of LS BMD
between BP-Dmab and SERM-Dmab groups remains
unknown, there are several possibilities. First, it might be
caused by differences in the amount of BP and SERM that
accumulate in bone. SERM does not accumulate in bone,
whereas BP accumulates in bone over several years after
administration®'. Second, FN BMD did not significantly change
during the 6-month period compared with LS BMD, as
reported in a previous study’’. Third, postmenopausal osteo-
porosis patients with type 2 diabetes mellitus showed a lower
response in BMD to BP than those patients without type 2 dia-
betes mellitus™. Therefore, BP-resistant osteoporosis patients
with type 2 diabetes mellitus might be poor responders to
Dmab.

However, switching to Dmab significantly suppressed the
levels of bone metabolic markers in both groups that were
switched to Dmab, indicating the effectiveness of Dmab com-
pared with BP or SERM for type 2 diabetes mellitus patients
and the general population. At present, bone metabolic markers
are considered to be effective surrogate indicators of fracture
risk”*. These markers would change more sensitively than
BMD within the relatively shorter 6-month period, which was
observed in the present study®. In a previous study, the change
in bone metabolic markers from SERM to Dmab showed a
greater reduction than from BP to Dmab in the study popula-
tion, including non-type 2 diabetes mellitus patients*. Those
results were consistent with the results of the present study in
the population with type 2 diabetes mellitus. Although it can-
not be fully determined during this short observational period,
it is anticipated that the fracture rate will be lower in the
Dmab-switched groups than in the BP- and SERM-continua-
tion groups because of the improvement in bone metabolic
markers.

Glycation is considered to contribute to the pathophysiology
of osteoporosis progression, particularly in patients with type 2
diabetes mellitus”’, and PEN is a surrogate marker of total
advanced glycation end-product formation®®*. It was previ-
ously reported that the accumulation of PEN in bone was
involved in bone fragility, and that there was a certain correla-
tion between serum and bone PEN levels®. SERMs are known
to improve bone quality and are expected to decrease PEN in
bone, but the decrease in serum PEN levels after their adminis-
tration remains controversial’’ >>. BP and Dmab were previ-
ously reported not to decrease PEN levels in serum or bone®"
>, Therefore, we measured PEN to determine if switching to
Dmab from SERM or BP changed its serum levels. As a result,
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