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Abstract

Introduction A 28.2 pg twice-weekly formulation of teriparatide (2/W-TPD) was developed to provide comparably high
efficacy for osteoporosis to a 56.5 pg once-weekly formulation while improving the safety and persistence rate. In the current
study, we aimed to elucidate the real-world persistence of 2/W-TPD and to identify the factors associated with the discon-
tinuation of 2/W-TPD in patients with severe osteoporosis.

Materials and methods This retrospective study included 90 patients who were treated with 2/W-TPD at three hospitals in
Japan. Patient information was collected, including age, sex, distance to the hospital, family structure, comorbidities, previ-
ous treatment for osteoporosis, timing of the injection, side effects and duration of 2/W-TPD treatment, barthel index (BI),
and bone mineral density (BMD) of the lumbar spine and femoral neck. We examined the factors influencing 2/W-TPD
discontinuation using the Cox proportional hazards model.

Results The 12 month completion rate of 2/W-TPD therapy was 47.5%. The Cox hazard analysis identified side effects [Haz-
ard Ratio (HR)=14.59, P <0.001], low BMD of the femoral neck (HR =0.04, P=0.002), and morning injection (HR =3.29,
P=0.006) as risk factors influencing the discontinuation of 2/W-TPD. Other variables, including age, did not contribute to
the continuation of 2/W-TPD.

Conclusion One year continuation rate of 2/W-TPD was higher than the previously reported value of the once-weekly for-
mulation in real-world setting, probably due to the lower incidence of side effects. Introducing injection of 2/W-TPD may
further improve the persistence of TPD therapy for osteoporosis.
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Introduction

In aging societies, including those in Japan, efforts to treat
osteoporosis across the nation are becoming more critical.
Approximately 30% of all postmenopausal women have
osteoporosis [1], and 9 million new osteoporosis-related
fractures were reported worldwide in 2000 [2]. Drug treat-
ment is the basis for osteoporosis treatment and various
drugs are available. Teriparatide (TPD) [3], which is one of
the medicines used to treat osteoporosis, has been demon-
strated to exhibit potent anabolic effects on bone in several
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animal models and humans [4, 5] and is recommended for
patients at high risk of fracture [6—8].

Before 2019, two types of TPD preparations were avail-
able in Japan: a once-weekly 56.5 pg TPD formulation
(1/W-TPD), administered subcutaneously by a physician
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or nurse once per week, and a daily 20 pg TPD formulation
(daily TPD), administered as self-injection. Both regimens
have been reported to increase the bone mineral density
(BMD) of the spine and reduce the risk of vertebral frac-
tures, with comparable effects [7, 9]. 1/W-TPD is unlikely
to induce histologic changes, such as cortical porosity,
which were observed following daily TPD administration
in a non-clinical study [10]. However, some patients find
it difficult to continue 1/W-TPD treatment because of the
high frequency of hospital visits or side effects [11, 12].
In Japan, to improve patient compliance, a self-adminis-
tered 28.2 pg teriparatide formulation for twice-weekly
use (2/W-TPD) (Teribone Auto inject0r®, Asahi Kasei
Pharma Co., Ltd., Tokyo, Japan) became commercially
available in December 2019. In the TWICE study, a phase
3 non-inferiority study, 2/W-TPD was shown to reduce the
incidence of adverse drug reactions such as nausea and
pyrexia compared to 1/W-TPD [13]. These results sug-
gest that 2/W-TPD is an easier formulation for patients to
continue than 1/W-TPD.

The outbreak of the coronavirus disease 2019 (COVID-
19) [14] established a new normal in medicine. Consid-
ering the need for rigorous infection prevention, paying
constant attention to physical contacts, and reduction in
the frequency of hospital visits, the Japanese Osteoporosis
Society and the Japanese Society for Bone Metabolism
recommended switching to 2/W-TPD in patients receiving
1/W-TPD who have difficulty continuing it. However, the
continuation rates and factors affecting the continuation
of 2/W-TPD in real-world settings have not been clarified.
This study aimed to examine the persistence rate of 2/W-
TPD and the factors affecting treatment discontinuation in
patients with severe osteoporosis.

Materials and methods
Study design

This retrospective study was conducted in accordance
with the ethical standards of the Helsinki Declaration of
1975 as revised in 1983. Three spine centers staffed with
board-certified spine surgeons participated in this retro-
spective study in Hokkaido, Japan. The study was based
on data obtained from medical records and imaging find-
ings of osteoporosis patients. The requirement for patient
informed consent was waived, owing to the retrospective
nature of the study and its unidentified data (approval
numbers of Hokkaido Orthopedic Memorial Hospital,
Hakodate Central General Hospital, and KKR Sapporo
Medical Center are 92, 10, and 28 respective).

Patients

We retrospectively reviewed the medical records of
patients who underwent 2/W-TPD treatment between
December 2019 and 2021 at three hospitals in the urban
regions of Japan. Among these patients, those who could
be followed up for at least 6 months were surveyed.
Patients with a history of metabolic bone diseases other
than osteoporosis or malignancies were excluded from
the study. There were a total of 90 patients who met the
inclusion criteria of the study. All patients at high risk for
fracture were defined as follows: (1) lumbar BMD < — 3.3
of standard deviation (SD) [15, 16]; (2) hip or lumbar
BMD < — 2.5 of SD and one or more fragility fractures;
(3) two or more fragility fractures [15, 17]; or (4) semi-
quantitative evaluation [18] of existing grade 3 vertebral
fracture [17].

Administration of 2/W-TPD

Briefly, this product is an auto-injector formulation that con-
tains a single-use needle that needs no replacement [19]. The
injection was completed by removing the cap and pressing
the tip of the auto-injector against the site of administra-
tion in two steps, making it easy for elderly patients to self-
inject. This formulation was refrigerated at home, and all
patients were injected twice a week by themselves or their
family members living with them. Regarding the timing of
the injections, no specific instructions were given, as the
patients were allowed to follow their own preferences.

Introduction and the continuation of 2/W-TPD

All patients were informed by their physicians regarding the
need to introduce 2/W-TPD or switch from previous medica-
tions. They were also informed in detail about the cost and
use of the formulation by the nurse before the first use. All
patients agreed on the treatment strategy of osteoporosis and
cost of 2/W-TPD and started the 2/W/TPD treatment. They
visited the same hospital every 1-3 months to receive this
formulation. In all hospitals, elderly patients received ongo-
ing intervention including telephone contact from osteoporo-
sis managers for the continuation after the start of 2/W-TPD
through the Osteoporosis Liaison Service (OLS) activities.

Subjects and persistence measure of 2/W-TPD

Patient information included age, sex, distance to the hospi-
tal, family structure, reason for the start of 2/W-TPD admin-
istration, comorbidities treated at the same hospital, previous
treatment for osteoporosis, history of fracture, side effects of
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2/W-TPD, duration of 2/W-TPD treatment, injection timing
(morning or evening), and fracture during 2/W-TPD treat-
ment. We defined morning as the period from just after wak-
ing up to noon; evening as the period from before dinner to
just before going to sleep. The mobility scale of the Barthel
Index (BI) was used to quantitatively assess gait independ-
ence [20]. The Bl is widely used for activities of daily living
(ADL) scale [21], and can assess gait ability on a four-point
scale of 0, 5, 10, and 15 points; briefly, O: unable to walk,
5: able to self-propel a wheelchair for 45 min, 10: able to
walk with assistance for more than 45 min, and 15: able to
walk alone for more than 45 min. BMD measurements were
performed in all patients before and 1 year after the start of
2/W-TPD treatment, using the anteroposterior views of the
lumbar spine (L2-L4) and femoral neck.

The persistence rate of 2/W-TPD was assessed at
6 months and 1 year of treatment. Because of a short-term
study in a special environment of COVID-19, we defined the
completion of the study as the achievement of 1 year of 2/W-
TPD treatment instead of 2 years, which is the maximum
duration of TPD administration. If the patient did not report
the date of treatment discontinuation, the date of the last
follow-up was considered as the endpoint. The duration was
measured by clinical records and calculation of the number
of the formulation prescribed since treatment initiation. We
defined a 1 month continuance as the period from the date
of commencement of use to the same day of the follow-
ing month. All patients were followed up with sequential
treatment. Therefore, the exact duration of treatment was
determined on a monthly basis, regarding whether patients
continued to use 2/W-TPD or not.

Statistical analysis

All continuous variables were expressed as mean =+ standard
deviation (SD). 2/W-TPD continuation curves were drawn
using the Kaplan—-Meier method, and differences were ana-
lyzed using the log-rank test for variables including age,
living alone or not, presence or absence of osteoporosis
treatment history, timing of injection (morning or evening),
presence or absence of side effects of 2/W-TPD, and reason
for the start of 2/W-TPD (fracture or examination). Consid-
ering previous reports that older age affects the continuation
rate of 1/W-TPD and daily TPD, we divided patients into
two groups: late-stage elderly (> 75 years of age) and early-
stage elderly (<75 years of age). The Cox proportional haz-
ards model was used to identify factors associated with the
continuation of 2/W-TPD; for variable selection, backward
and forward stepwise regression with minimum Bayesian
information criterion (BIC) was used. An unpaired ¢ test was
performed to compare the percent change from the baseline
BMD between patients who received 2/W-TPD in the morn-
ing or evening. Results with P values less than 0.05 were
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considered statistically significant. All statistical analyses
were performed using JMP Pro version 16.0 software (SAS
Institute Inc., Cary, NC, USA).

Results

Baseline characteristics and disease status
of patients

The patient demographics and clinicopathological informa-
tion are presented in Table 1. The mean age of the patients
treated with 2/W-TPD was 78.5 years (range 54-99), and
95.6% were women. A total of 45.9% of the patients were
prescribed other osteoporosis medications before receiv-
ing 2/W-TPD treatment. Six patients were transferred from
daily TPD to 2/W-TPD. Nineteen patients were prescribed
active vitamin D preparations, and 16 of them took Vitamin
D in combination with other medications. A total of 54%
of patients received their injections in the evening. A total
of 73.3% of patients had concomitant diseases other than
osteoporosis and were being treated at the same hospital. A
total of 75.5% of patients started receiving 2/W-TPD treat-
ment after a fracture. A total of 70% of patients were able to
walk alone, and the BI score was 15 points.

The completion rate of 2/W-TPD treatment
and the frequency of side effects

The results regarding the continuation of 2/W-TPD and
the occurrence of side effects are shown in Tables 2 and
3. The completion rates of 2/W-TPD at 6 and 12 months
were 72.2% (65 of 90) and 47.5% (39 of 82), respectively,
with the exception of 8 patients receiving ongoing treatment.
Regarding the sequential therapy, out of 43 patients who
discontinued 2/W-TPD treatment before a year, 6 patients
were switched to denosumab, 2 patients were switched to
romosozumab, 33 patients were switched to bisphospho-
nates, and 2 patients were switched to selective estrogen
modulator and active vitamin D preparation. Fractures dur-
ing 2/W-TPD treatment occurred in 2 patients (vertebral
body fracture and radius fracture). Side effects occurred
in 33.3% (30 of 90) patients, and the most frequent side
effect was nausea, which occurred in 14 patients. Out of
14 patients, 12 received nausea in the first 6 months after
receiving 2/W-TPD. Regarding dizziness, which occurred in
8 patients, 4 patients received dizziness in the first 6 months
after receiving 2/W-TPD treatment.
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Table 1 Clinical characteristics

. A Variables All patients (N=90)
and disease status of patients
before the 2/W-TPD treatment Age 78.5+9.0
Younger than 75 years old—Yes/No 21/69
Men/women 4/86
Previous treatment for osteoporosis—Yes/No 42/48
Bisphosphonate 26
Selective estrogen modulator 6
Daily TPD 6
Denosumab
Active vitamin D preparation 19
Previous fracture—Yes/No 38/52
Reason for the start of 2/W-TPD—Fracture/Examination 68 /22
Vertebral body 53
Femur 9
Sacral spine/radius/rib/humerus 1/3/1/1
Comorbidities treated at the same hospital—Yes/No 66/24
Number of family living together 09+09
Living with young generation—Yes/No 31/59
Living alone—Yes/No 32/58
Distance to the hospital (km) 5.8+8.6
Barthal Index (Gait)—0/5/10/15 1/5/21/63
Timing of Injection—morning/evening/not fixed 40/48/2
BMD of lumbar spine (g/cm?) 0.75+0.16
BMD of femoral neck (g/cm?) 0.50+0.10
Values are expressed as number of patients or mean+ SD
TPD teriparatide, BMD bone mineral density
Table 2 Results of 2/W-TPD treatment Ta'ble 3 Side effects associated Complications Ocecurrences
with 2/W-TPD treatment
Variables All
. Nausea 14
patients
(N=90) Dizziness 8
Pulsation 2
Fracture during 2/W-TPD treatment—Yes/No 2/88 .
Drug rash 3
Side effects of 2/W-TPD—Yes/No 29/61 .
Itching 1
Continuation of 2/W-TPD treatment Anxi
) ) ) nxiety 1
Completed/Discontinued/Ongoing 39/43/8 Others 1
Total 30

Values are expressed as number of patients. The completion of 1 year
of 2/W-TPD was defined as the end of the study, 2/W-TPD teripara-
tide formulation for twice-weekly use

Analysis of factors influencing the discontinuation
of 2/W-TPD treatment

Next, we drew 2/W-TPD continuation curves using the
Kaplan—Meier method and compared the factors associated
with the discontinuation of 2/W-TPD using the log-rank
test. There were no significant differences between the two
groups in the late-stage elderly (>75 years of age) and early-
stage elderly (<75 years of age) groups, living alone or not,
presence or absence of osteoporosis treatment history, or

Values are expressed as number
of patients

reason for the start of 2/W-TPD (fracture or examination).
The rate of 2/W-TPD discontinuation significantly increased
in the group of patients with side effects and TPD admin-
istration in the morning (P <0.001 and P=0.002, respec-
tively) (Fig. 1).

The results of the Cox hazard analysis also showed that
the risk factors for 2/W-TPD discontinuation were side
effects [Hazard Ratio (HR)=14.59, P<0.001], BMD of
the femoral neck before 2/W-TPD treatment (HR =0.04,
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Fig.1 Comparison of factors associated with the discontinuation of
twice-weekly teriparatide formulation (2/W-TPD) using the Kaplan—
Meier curves: late-stage elderly (>75 years of age) vs. early-stage
elderly (<75 years of age) (a), living alone or not (b), presence or

Table 4 Multivariate analyses of factors affecting the discontinuation
of 2/W-TPD

Variables HR 95% CI P value
Side effects 14.59 5.16-41.16 <0.001
BMD of femoral neck 0.04 0.004-0.32 0.002
Injection in the morning 3.29 1.37-7.95 0.006

HR hazard ratio, CI confidence interval, BMD bone mineral density

P =0.002), and injection in the morning (HR=3.29,
P=0.006) (Table 4). Age, sex, number of family members
living together, living with a young generation, distance to
hospital, history of osteoporosis treatment, BMD of the lum-
bar spine, BI, and comorbidities treated at the same hospital
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absence of osteoporosis treatment history (c), timing of injection
(morning or evening) (d), presence or absence of side effects of 2/W-
TPD (e), and the reason for the start of 2/W-TPD (fracture or exami-
nation) (f)

were not associated with 2/W-TPD discontinuation (data not
shown).

The effect of 1-year 2/W-TPD treatment on the BMD
of the lumbar spine and femoral neck

The BMD of the lumbar spine and femoral neck were meas-
ured before and 1 year after the start of 2-W/TPD treatment.
In patients who were able to continue 2/W-TPD for 1 year,
BMD of the lumbar spine and femur increased by an average
of 4.9 and 1.5%, respectively, from the baseline.

In addition, we compared the changes in BMD in the lum-
bar spine and femoral neck between patients who received
2/W-TPD in the morning and evening. Patients in both
groups showed an elevation in bone mineral density at the
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Fig.2 One year percent changes in bone mineral densities (BMD) of
the lumbar (a) and femoral neck (b) in patients with severe osteopo-
rosis treated with twice a week teriparatide either in the morning or in
the evening. Data show mean +SD

lumbar spine and femoral neck, but there was no significant
difference between the two groups (Fig. 2).

Discussion

This study focused on the continuation rate of 2/W-TPD and
the factors affecting treatment discontinuation in patients
with severe osteoporosis. The results showed that comple-
tion rates of 2/W-TPD at 6 and 12 months were 72.2 and
47.5%, respectively. In the previous reports, the continuation
rate at 12 months of the daily TPD formulation ranged from
43.1to 87% [11, 22-26], while that of the 1/W-TPD formu-
lation was approximately 16.8-23.5% [12, 27]. Although
the 1 year persistence rate of the present study was much
lower than that of the TWICE study, which was reported as
87.4% [13], it was higher than that of the 1 year persistence
rate of the previous 1/W-TPD in clinical practice. To the best
of our knowledge, this is the first study to demonstrate the
continuation rate of 2/W-TPD in real-world settings, despite
the special environment of COVID-19. The results of this
study suggest that 2/W-TPD is more likely to be continued
than 1/W-TPD.

Our results indicated that side effects were associated
with the discontinuation of 2/W-TPD. This was similar to
previous reports, in which side effects were associated with
a negative influence on TPD continuation rates [28]. In the
present study, the incidence of side effects of 2/W-TPD was
32.2%, which was comparable to the results of the TWICE
study [13]. The main side effects of 2/W-TPD were nausea
and dizziness, which accounted for 75.0% of all side effects
(Table 3). As with previous reports [12], nausea has been

cited as one of the major reasons for the difficulty with treat-
ment continuation in 1/W-TPD. In the present study, 85.7%
(12/14) of patients received nausea in the first 6 month after
starting 2/W-TPD and 92.8% (13/14) of all patients were
unable to continue for 1 year. Therefore, it is important to
inform patients that nausea may occur in the early phase of
the treatment before 2/W-TPD initiation, and the use of med-
ications to stop nausea should be considered in some cases.
Since TPD has relaxant effects on vascular smooth muscles
[29], it can induce hypotension and vasovagal reflex, caus-
ing nausea and dizziness after administration. Prevention of
teriparatide-induced hypotension by drinking water before
and after administration may be helpful in reducing compli-
cations and improving the continuation rate [28, 30].

Our results also showed that morning injection was a
risk factor for the discontinuation of 2/W-TPD. A possible
explanation for this is that the incidence of side effects may
have been higher after waking up because patients were
often dehydrated and prone to hypotension. The present
study showed that there was no significant difference in the
increase in lumbar spine BMD between patients with 2/W-
TPD in the morning and evening; however, a previous study
reported that a 12 month morning daily TPD administra-
tion resulted in a larger increase in lumbar spine BMD than
an evening administration [31]. Further analysis is needed
to investigate the appropriate timing of TPD injections in
patients with osteoporosis.

Low BMD of the femoral neck was another risk factor
associated with discontinuation of 2/W-TPD. However, in
this study, we were not able to clearly interpret this result.
We expected that patients with low BMD of the femoral
neck would include those who could not walk much and/
or had low ADL, which made it difficult for them to visit
the hospital to receive the 2/W-TPD formulation. According
to a previous report, among patients diagnosed with osteo-
porosis, those who were confined to wheelchairs or beds
showed a negative correlation with osteoporosis treatment
[32]. Thus, we investigated the BI of osteoporosis patients;
however, contrary to our expectations, the BI did not affect
the discontinuation of 2/W-TPD in the present study.

It is worth mentioning that age was not associated with
the discontinuation of 2/W-TPD. This result differs from
previous reports that showed age as a significant factor in
the continuation of both 1/W-TPD and daily TPD [24, 28,
33]. There are several possible reasons for this result. First,
2/W-TPD is a relatively easy to administer device, even for
the elderly; it does not require the attachment of a needle
and has a single-use syringe. Second, all three hospitals in
this study were relatively active in OLS activities. In these
hospitals, nurses and osteoporosis managers actively inter-
vened by contacting the homes of elderly patients or those
living alone, after the start of the 2/W-TPD. Previous reports
have shown that OLS activities may be related to treatment
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continuation rates [34], and these hospitals may have pro-
vided an appropriate environment for the elderly to continue
2/W-TPD treatment.

This study had several limitations. First, the sample
size was small. Second, because all hospitals in this study
were in relatively urban areas, it is not certain whether the
results would be the same in rural areas, where transporta-
tion is limited. Third, there was a potential for selection bias
because the study was conducted in hospitals where OLS
activities were intensive. Furthermore, no definite conclu-
sions were made regarding whether the continuation rate
and factors affecting the discontinuation of 2/W-TPD are
the same in the setting of COVID-19 subsidence. Our results
may be useful for increasing the continuation rate of 2/W-
TPD in the setting of COVID-19, where respiratory disease
continue to occur; however, further research is required in
the post-COVID-19 context, especially to investigate the
real-world continuation rate.

In conclusion, our results showed that the continuation
rate of 2/W-TPD at 12 months was 47.5%, which was rela-
tively higher than that of 1/W-TPD in the previous reports.
Side effects, low BMD of the femoral neck, and morning
injections were risk factors for the discontinuation of 2/W-
TPD. Twice a week, teriparatide is relatively easy to use
even in the elderly and may contribute to increasing the rate
of continuation of osteoporosis treatment by controlling side
effects and the timing of injections.
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