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Abstract

Introduction Rapid descent in bone mineral density (BMD) and ascent in bone turnover marker (BTM) occur within the
short period following denosumab (Dmab) discontinuation. In addition, the incidence of vertebral fracture also rises within
the short period. The purpose of this study is to investigate the effects of sequential therapy using zoledronic acid (ZOL) on
any adverse events after Dmab discontinuation.

Materials and methods This study was a multicenter retrospective observational study, and the subjects were osteoporosis
patients who visited our institutions between 2013 and 2018. We performed sequential therapy using ZOL for 30 patients
who had difficulty continuing Dmab, due to physical or social reasons, and investigated the fracture incidence and BMD/
BTM changes at 4 time points (at the start of Dmab, the start of ZOL, 6 months after ZOL and 12 months after ZOL).
Results No new vertebral/nonvertebral fractures were observed at each time point after switching from Dmab to ZOL in
any of the 30 patients. The BMD/BTM changes were evaluated in 18 of the 30 cases, since all data of lumbar/femoral neck
BMDs and TRACP-5b at 4 time points was only available in 18 cases. BMDs significantly increased at each time point
compared with that at the start of Dmab. Serum TRACP-5b significantly decreased at each time point compared with that
at the start of Dmab.

Conclusion It was suggested that sequential therapy using ZOL could suppress the decrease of BMD, and increase of BTM,
if the period of Dmab administration was less than 3 years.
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Introduction

It is important for us to continue the osteoporosis treatment
to increase bone mineral density (BMD) and suppress the
incidence of fragile fractures. The previous study indicated
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increasing refill compliance levels were associated with
progressively lower fracture rates [1]. In general, reducing
the amount of medicine taken improves medication adher-
ence [2], and the treatment persistence rate of monthly BP is
higher than daily or weekly BP [3]. In addition, the treatment
persistence rate of intravenous BP is higher than that of oral
administration [4]. However, the compliance of osteoporosis
treatment is not always sufficient in real-world daily clinical
practice in spite of the development of various drugs [5].

Denosumab (Dmab) is a human IgG2 monoclonal anti-
body that targets RANKL (receptor activator for nuclear
factor-kB ligand). It inhibits bone resorption by specifically
inhibiting RANKL by suppressing osteoclast formation [6,
7]. Dmab is a useful agent in treating osteoporosis, which
decreases fracture risk with sustained increase in BMD [8].
Dmab was approved as an indication of osteoporosis in
May 2013 in Japan, and since then has been clinically used.
Although it was expected that Dmab could simply be con-
tinued with a single subcutaneous injection every 6 months,
the treatment persistence rate of Dmab for 24 months was
58% in the United States and Canada, and 11.7% in Japan
[9, 10]. In real-world daily clinical practice, we often experi-
ence that elderly osteoporosis patients cannot go to hospital
due to poor physical condition or lack of caregivers. Alter-
natively, Dmab treatment is discontinued due to a patient
being entered into a nursing home or moving location. In
addition, many patients stop going to the hospital on their
own accord without recognizing the significance of continu-
ing Dmab. Therefore, it is often difficult to continue Dmab
semi-permanently.

The effect of Dmab is reversible after Dmab discontinu-
ation. The suppressed effect of bone resorption is not per-
sistent, and the value of bone turnover marker (BTM) rises
above the value before the start of Dmab administration.
Furthermore, it has been reported that a rapid decrease in
BMD and multiple vertebral fractures occur [11, 12]. Multi-
ple vertebral fractures that occurred within the short period
after Dmab discontinuation can rapidly worsen the patient’s
Activities of Daily Life (ADL) and Quality of Life (QOL).

The task force of the American Society for Bone and
Mineral Research (ASBMR) and the United States National
Osteoporosis Foundation (NOF) in 2017 reported on the
policy of “Goal-directed treatment”, as follows [13]. The
concept of a “drug holiday” applies only to patients taking
BPs. A drug holiday is not appropriate for non-BPs as the
patient’s BMD rapidly decreases after treatment discontinu-
ation. Therefore, after a T-score goal is achieved with a non-
BP, treatment should generally be continued with an agent
that maintains BMD, possibly a BP. “Drug holiday” is not
applied to Dmab, which is a non-BP, and sequential therapy
is required. The European Calcified Tissue Society (ECTS)
states that Dmab should not be discontinued without con-
sidering alternative treatments [14]. According to the Swiss

Association Against Osteoporosis (SVGO/ASCO) position
statement, it is recommended to switch to non-reversible
antiresorptive drugs if the risk of fracture is low at 4-5 years
after administration of Dmab [15]. Non-reversible antire-
sorptive drugs like BPs are taken into the bone matrix. After
discontinuing Dmab administration, sequential therapy with
BP is considered desirable.

There is little evidence that showed the effect of sequen-
tial therapy by zoledronic acid (ZOL) on the adverse events
after Dmab discontinuation, such as the increased incidence
of vertebral fractures, the reduction of BMD and the eleva-
tion of BTM. In this study, we retrospectively investigated
the occurrence of new vertebral/nonvertebral fractures and
changes in BMD and BTM in patients who switched from
Dmab to ZOL in real-world daily clinical practice, and
examined the effects of switching from Dmab to ZOL for
osteoporosis patients.

Materials and methods
Study design (Fig. 1)

This study was a multicenter, retrospective observational
study conducted at eight separate institutions, and we evalu-
ated the safety, new vertebral/nonvertebral fractures, BMD
and BTM after switching from Dmab to ZOL as sequential
therapy at 4 time points (1: at the start of Dmab administra-
tion, 2: at the start of ZOL administration, 3: at 6 months
after ZOL administration and 4: 12 months after ZOL
administration) (Fig. 1). This clinical study was started
after deliberation and approval by the “Medical Corpora-
tion Ouryokukai Nihonbashi Sakura Clinic Ethics Review
Committee”, including conflicts of interest of the principal
investigator. In addition, subject consent forms were pro-
cessed using the Opt-out system.

Subjects (patient disposition) (Figs. 1, 2)

In real-world daily clinical practice, it is difficult for Dmab
treatment to be continued due to nursing home admission
or lack of family support, even if the attending physician
explained the necessity of continuing Dmab. The subjects in
this study were 33 patients who received sequential therapy
by ZOL between June 2013 and November 2018 but who as
mentioned previously had difficulty in long-term continu-
ation of Dmab for the above reasons. In addition, 3 of 33
patients withdrew (1 patient deceased and 2 patients stopped
visiting the hospital) (Fig. 1). All subjects met the diagnostic
criteria of osteoporosis in Japan Osteoporosis Society, and
underwent a radiograph, DXA and blood test at each time
point when possible. A breakdown of each case is shown in
Fig. 1. At all institutions, patients who did not go to each of
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Subjects in this study (n = 33)
Patients who cannot continue Dmab administration every 6 months
Patients underwent sequential treatment by ZOL between June 2013 and November 2018
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once : n=3,
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Mean 3.1 times

twice: n=12, 3times: n=4,
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182 to 495 days, Mean 277.8 days

Days after changing last Dmab to ZOL (n = 30)

Analysis 1 (n=30)
* Safety (n=30)
* New vertebral/nonvertebral
fractures (n = 30)

male 1, female 29

| 3) At 6 months after ZOL administration (n = 30) |
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| 4) At 12 months after ZOL administration (n =30) I
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* BMD change
Classification
-Lumbar vertebra 1-4 (n = 18)
-Femoral neck (n=18)
* BTM change
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-TRACP-5b (n = 18)
-PINP (n=7)

Fig.1 Flow diagram of subjects. Dmab denosumab, ZOL zoledronic acid, BMD bone mineral density, BTM bone turnover maker, TRACP-5b

Tartrate Resistant Acid Phosphatase 5b, PINP total type I procollagen N-terminal propeptide
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Fig.2 The scatter diagrams showing the transitional period from
Dmab to ZOL and number of Dmab administration. Dmab deno-
sumab, ZOL zoledronic acid. A square mark indicates the case of
analysis 1 and a closed circle mark indicates the case of analysis 1
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their respective hospitals on the scheduled Dmab administra-
tion date have been instructed by the osteoporosis coordina-
tors to continue with their treatment. In general, the inci-
dence of vertebral fractures increase from 8 months after the
discontinuation of Dmab [16-18]. Thus, switching to ZOL
with <8 months or> 8 months after the last administration
of Dmab was defined as scheduled sequential therapy or
salvaged sequential therapy, respectively. Additionally, each
case was classified based on the period of transition from
Dmab to ZOL (Fig. 2).

Safety and new fragile fractures (Fig. 1, analysis 1)

Safety and new vertebral/nonvertebral fractures were
assessed based on medical records. The adverse events by
Dmab and ZOL administration are as follows: hypocalcemia,
antiresorption-related osteonecrosis/osteomyelitis of the jaw
(ARONJ) and atypical femoral fracture (AFF). In particular,
the acute phase reactions (APRs), increased body tempera-
ture (> 1 °C above 37.5 °C), muscle pain, joint pain, and
headache, are the adverse events from ZOL treatment, and
APRs were defined by Okimoto et al. [19]. Morphological
vertebral fractures at the thoracic and lumbar spine were
evaluated using X-ray images. Vertebral bodies of T4-L4
were independently measured by each investigator. Verte-
bral fractures were defined according to Genant [20] (Fig. 1,
analysis 1).

Bone mineral density and bone turnover markers
(Fig. 1, analysis 2)

QDR (Hologic, Marlborough, MA, USA) or DPX (GE,
Madison, WI, USA) devices were used for measuring BMD.
BMD at lumbar vertebra (L1-L4) and femoral neck were
measured using DXA at the each time point. BTMs were
carried out on serum Tartrate Resistant Acid Phosphatase
5b (TRACP-5b/EIA method, normal range, male; 170-590,
female; 120—420) and/or serum total Type I procollagen
N-terminal propeptide (PINP/ECLIA method, normal
range, male; 18.1-74.1, female; 26.4-98.2) at each of the 4
time points. Of the 30 cases, 12 cases were excluded due to
incomplete lumbar/femoral neck BMD or serum TRACP-5b
data, and the remaining 18 cases (all females) were analyzed
using all data of BMD and serum TRACP-5b at each time
point (Fig. 1, analysis 2).

Statistical analysis

Comparison of BMD values and TRACP-5b values were
measured at 2 sites of the lumbar vertebrae and femoral
neck at the start of Dmab administration, at the start of ZOL
administration, at 6 months after ZOL administration, and
at 12 months after ZOL administration. Statistical analysis

was conducted using a paired t test, and the significance
level was 5% on both sides. Data management and statisti-
cal analysis were performed by “Pharmaco Basic, Scientist
Press Co. Ltd., Tokyo., Japan™.

Results
Patient disposition and characteristics

Patient disposition and characteristics are shown in Table 1.
The number of subjects in this study was 30 (1 male, 29
female) with an average age of 78.1 years (61-89 years).
The subjects had not undergone the osteoporosis treatment
before Dmab administration, except for one female case who
had been treated with minodronic acid for 3 months. 21 of
30 cases (70%) had existing vertebral fractures. The average
number of existing vertebral fractures per patient was 2.7
(range 1-10). T-score at the start of Dmab administration is
as follows: Lumbar vertebrae; — 2.8 SD, femoral neck; — 3.2
SD. The average of serum TRACP-5b levels at the start of
Dmab administration was 551.4 mU/dL, and 20 of 28 cases
(71%) had higher levels of serum TRACP-5b, which were
more than the normal range. The average number of Dmab
administration in 30 cases was 3.1 times (once: 3 patients,
twice: 12 patients, three times: 4 patients, 4 times: 4 patients,
5 times: 4 patients, and 6 times: 3 patients). The average
period from the last administration of Dmab to the start
of ZOL administration in 30 cases was 277.8 days (range
182-495 days).

Patient disposition and characteristics of the 18 patients
who were evaluated for BMD and BTM (analysis 2) are
shown in Supplementary Table 1. All 18 patients were
female, with an average age of 75.7 years (64—84 years). One
female had been treated with minodronic acid for 3 months
before Dmab administration. 10 of 18 cases (56%) had
existing vertebral fractures. The average number of existing
vertebral fractures per patient was 1.8 (range 1-4). T-score
at the start of Dmab administration is as follows: Lumbar
vertebrae; — 2.7 SD, femoral neck; — 3.1 SD. The average of
serum TRACP-5b levels at the start of Dmab administration
was 562.3 mU/dL, and 12 of 18 cases (67%) had higher lev-
els of serum TRACP-5b, which were more than the normal
range. The average number of Dmab administration in 18
cases was 3.3 times (once: 1 patient, twice: 8 patients, three
times: 1 patient, 4 times: 3 patients, 5 times: 3 patients, and
6 times: 2 patients). The average period from the last admin-
istration of Dmab to the start of ZOL administration in 18
cases was 274.0 days (range 189-372 days).

The period of transition from the administration of Dmab
to ZOL, and the number of Dmab administration in thirty
cases are shown in Fig. 2. Ten of the thirty cases (33%)
underwent the scheduled sequential therapy, whereas the
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Table 1 Demographic

. Item Unit N Mean +SD
background of enrolled patients
Sex
Male Number 1 - -
Female Number 29 - -
Age Years old 30 78.1 7.2
Body weight kg 30 532 10.9
Patient: previously treated with BP Number 1 - -
Patient: prevalent vertebral fractures at baseline Number 21 - -
T-score at the start of Dmab administration
Lumbar vertebra SD 22 -28 0.9
Femoral neck SD 24 -32 0.8
TRACP-5b at the start of Dmab administration mU/dL 28 551.4 261.2
PINP at the start of Dmab administration ng/mL 17 70.7 35.5
Number of Dmab administration Times 30 3.1 1.6
Days after changing Dmab to ZOL Days 30 277.8 75.0

Data are presented as mean +SD

BP bisphosphonate, Dmab denosumab, PI/NP total Type I procollagen N-terminal propeptide, TRACP-5b
Tartrate Resistant Acid Phosphatase 5b, ZOL zoledronic acid

other twenty cases (66%) underwent the salvaged sequen-
tial therapy. The average number of Dmab administration
in patients of scheduled- or salvaged-sequential therapy
was 3.6 and 2.9 times, respectively. The attending physi-
cian explained the necessity of continuing Dmab, however,
all subjects had difficulty in the long-term continuation of
Dmab administration due to nursing home admission or a
lack of family support, and consequently wished to switch
from Dmab to ZOL.

Safety and new fragility fractures

During the Dmab administration, there was no clinically
significant adverse events, such as hypocalcemia, ARONJ
or AFF observed in any of the 30 subjects evaluated. While
APRs by sequential ZOL treatment existed 14 of 30 cases
(46.7%). These adverse events improved using NSAIDs
treatment within a week.

Neither clinical vertebral fractures nor X-ray morphologi-
cal new vertebral fractures occurred in any of the 30 patients
evaluated for fractures at 6 months and 12 months after ZOL
administration. None of the cases experienced any nonverte-
bral fracture during the follow-up period (analysis 1).

Bone mineral density (Fig. 3)

Eighteen cases (all females) were analyzed using all data
of lumbar/femoral neck BMD at each of the 4 time points
(analysis 2).

Average lumbar vertebra T-scores was — 2.7 SD at
the start of Dmab administration, — 2.3 SD at the start
of ZOL administration, — 2.1 SD at 6 months after ZOL

@ Springer

administration, and — 2.2 SD at 12 months after ZOL admin-
istration. Compared to pre-Dmab administration, there was
a significant increase in BMD change rate at lumbar ver-
tebrae at the start of ZOL administration (p <0.001; mean
7.327%; SD 6.440), at 6 months after ZOL administration
(» <0.001; mean 10.501%; SD 8.583), and at 12 months
after ZOL administration (p <0.001; mean 9.067%; SD
8.977) (Fig. 3a).

T-scores of the femoral neck was — 3.1 SD at the start of
Dmab administration, — 2.9 SD at the start of ZOL admin-
istration, — 2.7 SD after 6 months of ZOL administration,
and — 2.8 SD after 12 months of administration of ZOL.
Compared with the start of Dmab administration, signifi-
cant increases of BMD change rate at femoral neck were
observed at the start of ZOL administration (p =0.024; mean
3.947%; SD 6.447), 6 months after ZOL administration
(p=0.022; mean 7.674%; SD 12.909) and 12 months after
ZOL administration (p =0.038; mean 6.089%; SD 11.722)
(Fig. 3b).

Bone turnover markers (Fig. 4)

Eighteen cases (all females) were analyzed using all data
of serum TRACP-5b at each 4 time points (analysis 2).
Average serum TRACP-5b levels were 562.3 mU/dL at
the start of Dmab administration, 438.4 mU/dL at the start
of ZOL administration, 342.6 mU/dL 6 months after ZOL
administration, and 351.8 mU/dL 12 months after ZOL
administration. Compared with at the start of Dmab admin-
istration, a significant decrease was observed at the start
of ZOL administration (p =0.029; mean 438.4 mU/dL; SD
223.5), 6 months after ZOL administration (p =0.003; mean
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Fig.3 The sequential changes in BMD. Percent changes in a Lumbar-
BMD and b Femoral neck-BMD from at the start of ZOL administra-
tion. Start Dmab at the start of Dmab administration, Start ZOL at the
start of ZOL administration, 6 M after ZOL at 6 months after ZOL
administration, /2 M after ZOL at 12 months after ZOL administra-
tion. Data are the mean+ SD. *p <0.05 vs. Start Dmab

342.6 mU/dL; SD 152.3) and 12 months after ZOL admin-
istration (p=0.007; mean 351.8 mU/dL; SD 184.0) (Fig. 4).
Only 7 cases of serum P1NP were measured at all time
points, and these data were not analyzed. Average serum
PINP levels were 72.1 ng/mL at the start of Dmab admin-
istration, 37.7 ng/mL at the start of ZOL administration,
28.6 ng/mL 6 months after ZOL administration, and 36.8 ng/
mL at 12 months after ZOL administration, respectively.

Discussion
There is little evidence that showed any effect of sequential

therapy by ZOL after Dmab discontinuation, and this arti-
cle is the first report in Japan that demonstrated the effect

(mU/dL) TRACP-5b

1000 + mean* SD
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TRACP-5b concentration
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Fig.4 The sequential changes in serum TRACP-5b. Value changes of
serum TRACP-5b at 4 time points. Start Dmab at the start of Dmab
administration, Start ZOL at the start of ZOL administration, 6 M
after ZOL at 6 months after ZOL administration, /12 M after ZOL
at 12 months after ZOL administration. Data are the mean+SD.
*p <0.05 vs. Start Dmab

of ZOL on the adverse events after Dmab discontinuation.
In our study, we retrospectively investigated new fragility
fracture incidence, safety, and changes of BMD and BTM
in osteoporosis patients who switched from Dmab to ZOL.
As the results of this survey show, no new fragile fractures
in any subjects were identified, and it was suggested that
ZOL sequential therapy after administering Dmab could
suppress the increase of BTM and the decrease of BMD, if
the periods of Dmab administration was less than 3 years.
Our consideration is described below:

It was reported that Dmab treatment suppresses high
bone turnover and the incidence of vertebral/nonvertebral
fractures and increases BMD through more than 10 years.
In addition, there was no adverse events during the period
[8]. In our study, no new vertebral/nonvertebral fractures
occurred, BMD significantly increased and serum TRACP-
5b was significantly suppressed after Dmab administration.
Hypocalcemia was not observed after the administration of
calcium agents or active vitamin D5 agents as concomitant
medication. Other adverse events such as ARONJ and AFF
were not recognized.

The discontinuation of Dmab treatment caused rapidly
high bone turnover and bone density loss within a short
period, followed by vertebral fractures. In the FREEDOM
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trial and its extension, a majority of participants who sus-
tained a vertebral fracture after discontinuing denosumab
had multiple vertebral fractures, with the greatest risk to
participants with a prior vertebral fracture [12]. Although
70% of the subjects had a prior vertebral fracture in our
present study, no new vertebral fractures occurred during
the follow-up period. It is possible that sequential therapy
with ZOL can control multiple vertebral fractures after
Dmab discontinuation.

Several reports showed that multiple vertebral fractures
occurred from 8 to 20 months after Dmab discontinuation
[16—-18]. Despite twenty (66%) of thirty cases in our study
were involved in salvaged sequential therapy of > 8 months
after the last Dmab administration (Fig. 2), no vertebral
fractures were indicated between Dmab and ZOL admin-
istration. Based on the FREEDOM trial data available, the
incidence of vertebral fractures after Dmab discontinua-
tion was 7.1% [12], and it is no surprise even if vertebral
fractures occurred in two of thirty patients in our study.
The absence of vertebral fractures may be a coincidence,
but it is possible that the low number of Dmab administra-
tion is a factor. In the report that Dmab was discontinued
without sequential therapy after the FREEDOM extension
study, the longer the period of Dmab administration was,
the lower the BMD became, and it was suggested that the
treatment duration of Dmab may be able to predict the
change rate of BMD [21]. In our study, the average number
of Dmab administration in patients undergoing salvaged
sequential therapy was 2.9 times, suggesting that no frac-
tures may have occurred due to the low number of Dmab
administration.

Several studies have reported on sequential therapy
with BP after Dmab administration. Sequential therapy
with Alendronate (ALN) maintained BMD, if the period
of Dmab administration was 1 year [22]. Sequential ther-
apy with ZOL maintained BMD, if the periods of Dmab
administration were 2, 2.2 and 3 years, respectively [23-25].
However, sequential therapy with ALN reduced BMD, if
the period of Dmab administration was 3.5 years [26]. Reid
et al. reported that switching to ZOL after Dmab administra-
tion over 7 years significantly reduced BMD after 2 years
[27]. We switched to ZOL after the start of Dmab treatment
within 3 years, and could maintain BMD at 12 months after
ZOL. Therefore, we believe that BMD can be maintained
by sequential therapy with BP, especially ZOL, if the period
of Dmab administration is up to 3 years. However, it is pos-
sible that BMD cannot be maintained if the period of Dmab
administration is over 3 years. We recommend the cyclic
therapy of ZOL after administrating Dmab during 3 years
as one way to prepare for any unexpected Dmab discontinu-
ation. At the same time, further strengthening of our rec-
ommendations will require comparison with patients using
Dmab for more than 3 years.

@ Springer

There are a number of reports related to drug selection
in sequential therapy after discontinuation of Dmab. The
antiresorptive effect of raloxifene is probably not strong
enough to counter the severe rebound effect associated
with Dmab discontinuation. Therefore, it seems desirable
to prescribe a more potent bone resorption inhibitor, alen-
dronate or zoledronate to minimize high bone turnover at
Dmab discontinuation [28]. Another case series evaluated
the effect of zoledronate or risedronate administered sequen-
tially after 2 years of Dmab [23]. In the zoledronate group,
BMD gained by Dmab administration was retained at 73%
at the lumbar spine and 87% at the hip joint, and in the rise-
dronate group, 41% at the lumbar spine and 64% at the hip
joint. Thus, at both the spine and hip, there was a substantial
retention of the benefits accrued during the trial period in
the women subsequently receiving zoledronate. The doses
of BP preparation that can be used in Japan is 50% of the
overseas dose for ALN and Risedronate, on the other hand,
the same dose of ZOL can be used as with the overseas
dose. We, therefore, selected ZOL as the therapeutic agent
for sequential therapy in this study.

Regarding the timing of ZOL administration, it has been
reported that after Dmab administration over 2 years, ZOL
was administered after 191-353 days of the last Dmab
administration and BMD obtained with Dmab could be
maintained 1 year later [23]. In addition, after Dmab admin-
istration over 3 years, ZOL was administered after 6 months
of the last Dmab administration, and BMD obtained with
Dmab could be maintained 2.5 years later [25]. In our inves-
tigation, the transitional period from the last Dmab adminis-
tration to the start of the ZOL administration was 277.8 days
(from 182 to 495 days), according to the patients’ conveni-
ence, and the timing of ZOL administration may have been
delayed. Regarding this point, it is possible that the suitable
starting time of BP varies depending on the formulation
and administration interval, so further study is necessary.
However, since the risk of vertebral fracture increases from
8 months after Dmab administration, we unfortunately regret
that the twenty (66%) cases of salvaged sequential therapy
with more than 8 months after Dmab administration existed
in our study. How to avoid discontinuation of Dmab treat-
ment is an issue for the future, and we aim to improve the
treatment continuation rate using liaison services such as
sufficient patient education and regular contact with patients
who do not go to the hospital on their scheduled date.

We observed APRs at 46.7% after ZOL administration.
In the study population, almost all patients had not received
any prior BP preparation, except for one patient who had
received minodronic acid for 3 months. Symptoms of BP-
induced APRs can be well managed by antipyretic and anti-
pyretic analgesic medications, such as paracetamol/aceta-
minophen and ibuprofen [29-31]. In our study, symptoms
improved using NSAIDs within 1 week, and we consider
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that APRs expression can be suppressed by the prophylactic
administration of NSAIDs, as reported by Okimoto et al.
[19].

There are, however, several limitations. This study is a
case series retrospective study and there are no subjects
available to compare, with only as few as thirty cases to be
evaluated. The number of administrations and the period
until the start of sequential therapy are also different. Also,
as issues regarding compliance remain unresolved, it is nec-
essary to conduct an epidemiological survey on compliance
of osteoporosis therapeutic agents including Dmab among
nursing home residents, to study the continuation rate of
ZOL sequential therapy for cases in which Dmab cannot
be continued. In addition, we will also need to examine the
effect of ZOL on cases of Dmab administration over more
than 3 years to obtain evidence regarding the cyclic therapy
of ZOL after the administrating Dmab over a 3 year period.
Although there are several limitations, we believe that this is
an important report that accurately captures the problems of
real-world daily clinical practice in Japan. The guidance of
ASBMR, Japanese Society for Bone and Mineral Research
(JSBMR) and Japan Osteoporosis Society (JOS) under
the global pandemic of COVID-19 make us recognize the
importance of continuing treatment for osteoporosis [32].
Especially for Dmab, switching to bisphosphonate has been
recommended for cases in which Dmab cannot be contin-
ued. We hope that this report will be helpful to doctors and
patients who are in the same situation, while involved in
real-world daily clinical practice.

In conclusion, we demonstrated the effect of sequential
therapy of ZOL after administrating Dmab within less than
3 years. No vertebral/nonvertebral fractures in any cases
were identified. In addition, sequential therapy using ZOL
could maintain the BMD and serum TRACP-5b levels, that
were obtained by Dmab administration. Dmab is a very ben-
eficial treatment if it can be continued. However, in real-
world daily clinical osteoporotic practice, there are patients
who require sequential therapy, especially among the elderly,
due to the difficulty of continuing the administration of
Dmab in Japan. We believe that switching to ZOL after
Dmab discontinuation is an effective means of sequential
therapy for them if the period of Dmab administration is less
than 3 years. Evidence-based sequential therapy after Dmab
discontinuation remains limited, and therefore, deserves an
urgent and unaddressed medical need. Further investigations
will be required regarding various aspect.
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