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Abstract
Summary In this randomized, controlled trial, treatment with once-weekly subcutaneous injection of teriparatide for 72 weeks
was found to be associated with a significant reduction in the incidence of morphometric vertebral fractures compared with
alendronate in women with primary osteoporosis who were at high risk of fracture.
Introduction To determine whether the anti-fracture efficacy of teriparatide is superior to that of alendronate, a prospective,
randomized, open-label, blinded-endpoint trial was performed.
Methods Japanese women aged at least 75 years were eligible for the study if they had primary osteoporosis and were at high risk
of fracture. Patients were randomly assigned in a 1:1 ratio to receive sequential therapy (once-weekly subcutaneous injection of
teriparatide 56.5 μg for 72 weeks followed by alendronate for 48 weeks) or monotherapy with alendronate for 120 weeks. The
primary endpoint was the incidence of morphometric vertebral fractures at 72 weeks (at the end of teriparatide treatment).
Results Between October 2014 and December 2017, 1011 patients (505 in the teriparatide group and 506 in the alendronate
group) were enrolled. Of these, 778 patients (351 and 427, respectively) were included in the primary analysis. The incidence of
morphometric vertebral fractures was significantly lower in the teriparatide group (56 per 419.9 person-years, annual incidence
rate 0.1334) than in the alendronate group (96 per 553.6 person-years, annual incidence rate 0.1734), with a rate ratio of 0.78
(95% confidence interval 0.61 to 0.99, P = 0.04). In both groups, adverse events were most frequently reported in the following
system organ classes: infections and infestations, gastrointestinal disorders, and musculoskeletal and connective tissue disorders.
Conclusion Once-weekly subcutaneous injection of teriparatide significantly reduced the incidence of morphometric vertebral
fractures compared with alendronate in women with primary osteoporosis who were at high risk of fracture.
Trial registration jRCTs031180235 and UMIN000015573, March 12, 2019
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Introduction

Pharmacologic treatment is an important component of the
management of osteoporosis. According to the recommenda-
tions of current guidelines, bone resorption inhibitors such as
bisphosphonates and selective estrogen receptor modulators
are commonly used as initial treatment in the majority of pa-
tients with osteoporosis [1, 2]. At the same time, once-daily
subcutaneous injection of teriparatide (recombinant human
parathyroid hormone [1-34]) is recommended for patients at
high risk of fracture [1, 2].

Teriparatide possesses a potent anti-fracture effect by stim-
ulating bone formation. Results of a network meta-analysis of
randomized, controlled trials have shown that teriparatidemay
be the most effective anti-osteoporosis agent in reducing the
risk of fractures [3]. However, its use for more than 2 years is
not recommended [4]. Therefore, teriparatide must be
switched to another medication once patients have received
it for the approved period because of the possibility that bone
mineral density (BMD) may decrease after the termination of
teriparatide treatment [5, 6].

Recently, once-weekly subcutaneous injection of
teriparatide (Teribone, Asahi Kasei Pharma Corporation,
Tokyo, Japan) has been approved in Japan. Several non-
clinical studies have suggested that the frequency of
teriparatide administration may affect the histological pattern
of bone formation and that a once-weekly regimen may not
increase cortical porosity, in contrast to the once-daily regi-
men [7–10]. In a randomized, placebo-controlled trial, once-
weekly injections of teriparatide significantly reduced the risk
of new vertebral fractures [11]. These results indicate that a
once-weekly regimen is a promising treatment option, be-
cause once-weekly administration is generally more conve-
nient than once-daily administration. However, its use is also
restricted to 2 years. Furthermore, no head-to-head clinical
trial has compared the anti-fracture efficacy of a once-
weekly regimen with that of another anti-osteoporosis agent.

In a follow-up observational study of the placebo-
controlled trial mentioned above, patients who received bis-
phosphonate following once-weekly injections of teriparatide
achieved a further gain in BMD [12]. A previous randomized,
controlled trial also showed that the sequential therapy with
full-length parathyroid hormone (1-84) followed by
alendronate significantly increased areal BMD at the lumbar
spine compared with parathyroid hormone therapy followed
by placebo or monotherapy with alendronate alone [13].
These results suggest that alendronate may be a suitable suc-
cessor to teriparatide.

Accordingly, the Adequate Treatment of Osteoporosis (A-
TOP) research group conducted the Japanese Osteoporosis
Intervention Trial-05 (JOINT-05), which compared the effica-
cy and safety of sequential therapy (once-weekly injection of
teriparatide for 72 weeks followed by alendronate for 48

weeks) and monotherapy (alendronate for 120 weeks) in pa-
tients at high risk of fracture. This study consisted of 2 parts.
In the first part covering the treatment period up to 72 weeks,
the efficacy and safety of teriparatide and alendronate were
compared, and the hypothesis that teriparatide is superior to
alendronate in reducing the incidence of morphometric verte-
bral fracture was tested. This was the primary objective. In the
second part, during the treatment period of 73 to 120 weeks,
the plan was to determine whether the efficacy of se-
quential therapy is superior to that of monotherapy, and
this was the secondary objective. The primary results of
the study are now reported.

Methods

Study design

This prospective, randomized, open-label, blinded-endpoint,
pragmatic effectiveness trial was conducted in accordance
with the Declaration of Helsinki and the Clinical Trials Act
of the Japanese Ministry of Health, Labour, and Welfare.
Patients were recruited from 113 institutions throughout
Japan. The protocol was approved by the certified review
board of Toranomon Hospital and the central ethics commit-
tee of the A-TOP research group. All patients provided writ-
ten, informed consent. This trial was registered with the Japan
Registry of Clinical Trials (number, jRCTs031180235) and
the University Hospital Medical Information Network-
Clinical Trials Registry (number, UMIN000015573).

Study population

The design and rationale for JOINT-05 have been reported
previously [14]. In brief, Japanese women aged at least 75
years were eligible for the study if they had primary osteopo-
rosis and if they were at high risk of fracture. Primary osteo-
porosis was diagnosed according to the revised 2012
Diagnostic Criteria for Primary Osteoporosis of the Japanese
Society for Bone and Mineral Research [15]. Patients at high
risk of fracture were defined as those who had one of the
following: (1) BMD less than 60% of young adult mean
(YAM) or less than −3.3 standard deviations (SDs); (2) at least
2 vertebral fractures in the area from the fourth thoracic ver-
tebra (Th4) to the fourth lumbar vertebra (L4); (3) a grade 3
prevalent fracture; or (4) a past hip fracture.

Study treatments

Patients were randomly assigned in a 1:1 ratio to receive the
sequential therapy (teriparatide 56.5μg for 72 weeks followed
by alendronate for 48 weeks) or monotherapy with
alendronate for 120 weeks. Teriparatide was administered
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subcutaneously once weekly. Alendronate was administered
using the following formulations: 5 mg tablet (orally admin-
istered once daily), 35 mg tablet or jelly (orally administered
once weekly), or 900 μg infusion bag (administered intrave-
nously once every 4 weeks). When this study was started, the
treatment period for once-weekly injection of teriparatide was
limited to 72 weeks in Japan. Given this limitation, the treat-
ment period of teriparatide was determined.

Random allocation was implemented by a web-based com-
puterized system with the modified minimization method ad-
justed for the following prognostic factors: age (75–79 vs. ≥80
years), BMD (<60% vs. ≥60% of YAM), number of prevalent
vertebral fractures (0–1 vs. ≥2), presence/absence of prevalent
vertebral fractures of grade 3, presence/absence of history of
hip fracture, and the study institution. The algorithm for ran-
dom allocation was concealed from the investigators and the
other study personnel.

Outcome measures

The thoracic and lumbar vertebrae were imaged in 2 directions
at 0 (baseline), 24, 48, 72, and 120 weeks. For the assessment
of prevalent vertebral fractures, anteroposterior and lateral ra-
diographs of the thoracic and lumbar spine were examined by
the investigators. They assessed the grade of vertebral frac-
tures from Th4 to L4 according to the semiquantitative (SQ)
technique [16]. These assessments were reviewed centrally by
one evaluator of the fracture assessment committee blinded to
the assigned treatment.

The committee also adjudicated the presence/absence of a
new vertebral fracture by comparing radiographs of Th4 to L4
between baseline and post-treatment. After the X-ray films
were collected, 2 evaluators blinded to the assigned treatment
reviewed the films independently according to the SQ tech-
nique mentioned above. If inconsistencies arose between the
evaluators, 3 evaluators reviewed the films simultaneously.
The presence/absence of the other fractures such as non-
vertebral fracture and clinical fracture was assessed by the
investigators. Thereafter, 3 evaluators of the fracture assess-
ment committee reviewed the assessment made by the inves-
tigators using the collected X-ray films.

BMD at the lumbar spine, proximal femur, radius, and
second metacarpal bone was measured in each institution at
0, 24, 48, 72, and 120 weeks by dual-energy X-ray absorpti-
ometry. Blood samples were obtained at 0, 12, 24, 48, 72, and
120 weeks to measure the serum levels of osteocalcin,
procollagen type I amino-terminal propeptide (P1NP), and
tartrate-resistant acid phosphatase 5b (TRACP-5b). LSI
Medience Corporation (Tokyo, Japan) analyzed the levels of
osteocalcin and P1NP using a fluorometric enzyme immuno-
assay and electrochemiluminescence immunoassay, respec-
tively. SB Bioscience Co., Ltd. (Tokyo, Japan) analyzed
TRACP-5b levels using an enzyme immunoassay.

The primary endpoint of JOINT-05 was the incidence of
morphometric vertebral fracture at 72 weeks. The accumula-
tion of person-years at risk started at the randomization of each
patient and ended at the date of the last visit, lost to follow-up,
or death. In the first part of the study, the secondary endpoints
included the following at 72 weeks: the incidence of
any fracture, clinical vertebral fracture, and non-
vertebral fracture, fracture at specific skeletal sites, and
vertebral fracture progression.

Statistical considerations

Before starting the study, it was assumed that the annualized
incidence of vertebral fracture in the alendronate group would
be 0.112 and that the hazard ratio of teriparatide relative to
alendronate over 72 weeks would be 0.5 [14]. Under these
assumptions, a sample size of 500 patients for each group
was calculated to detect the difference between the treatment
groups in the primary endpoint with a power of 0.80 and a
significance level of 0.05.

In the analyses of the primary and secondary endpoints, a
multivariable Poisson regression model was fit to calculate the
rate ratios of teriparatide to alendronate and their 95% confidence
intervals (CIs). This regression model included the minimization
factors for random allocation as covariates. For the incidence of
morphometric vertebral fracture, any fracture, and clinical verte-
bral fracture, aswell as vertebral fracture progression, the hypoth-
esis that the efficacy of teriparatide is superior to that of
alendronate was tested. For the incidence of non-vertebral frac-
tures, the hypothesis that the efficacy of teriparatide is not inferior
to that of alendronate, which was defined by the upper limit of
the 95%CI for the rate ratio of less than 1.96 (1/0.51), was tested.
The margin of non-inferiority was based on the results of the
previous meta-analysis for non-vertebral fractures, in which the
hazard ratio of alendronate to placebo was 0.51 [17]. Least
square means of BMD and bone turnover markers were estimat-
ed using mixed models for repeated measures under an assump-
tion of missing at random.

Efficacy outcomes were analyzed in the full analysis set,
which included randomly assigned patients who received at
least one dose of the study medication and had at least one
evaluable post-treatment efficacy datum. All data were ana-
lyzed with the use of SAS software version 9.4 (SAS institute,
Cary, NC). All reported P values are 2-tailed without multi-
plicity adjustment, with a P value of less than 0.05 indicating a
significant difference.

Results

Between October 2014 and December 2017, 1011 patients
(505 in the teriparatide group and 506 in the alendronate
group) were enrolled (Fig. 1). Of these, 26 patients (16 and
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10, respectively) were excluded from the analysis, and the
remaining 985 patients (489 and 496, respectively) were in-
cluded in the full analysis set. In the alendronate group, 222
patients took the 35mg/week tablet, 179 patients received 900
μg/4 weeks administration, 79 patients took 35 mg/week oral
jelly formulation, 3 patients took the 5 mg/day tablet, and the
administration routes of 13 patients were unknown. Data on
morphometric vertebral fractures were obtained from 778 pa-
tients (351 and 427, respectively) and were included in the
primary analysis.

During the study, 238 patients in the teriparatide group and
139 in the alendronate group discontinued the study. Of these,
142 and 70 patients in the teriparatide and alendronate groups
did not wish to continue the study treatment, respectively.
Furthermore, 42 and 18 patients in the teriparatide and
alendronate groups, respectively, discontinued the study treat-
ment because of safety reasons. However, most of the adverse
events leading to treatment discontinuation were mild or mod-
erate in intensity and resolved after treatment discontinuation.

By the end of 72 weeks, 5 and 7 patients in the teriparatide
and alendronate groups, respectively, died. Of these, 3 deaths (2
in the teriparatide group and 1 in the alendronate group) were

considered possibly related to the treatment (Online Resource
Supplementary Table S1). The mean (SD) percentage adher-
ence throughout the 72 weeks was 29.0% (45.2) in the
teriparatide group and 64.2% (44.6) in the alendronate group,
which was calculated under the assumption that patients not
reporting adherence did not receive the study medication at all.

Baseline characteristics were well balanced between the treat-
ment groups (Table 1). The mean (SD) age was 81.4 (4.5) years
in the teriparatide group and 81.5 (4.7) years in the alendronate
group. Approximately 40% of the patients in each treatment
group had at least 2 prevalent vertebral fractures and grade 3
prevalent vertebral fractures. Baseline characteristics were also
similar between patients with and without radiographs at 72
weeks (Online Resource Supplementary Table S2).

In the analysis of the primary endpoint (Table 2), the inci-
dence of morphometric vertebral fracture was significantly lower
in the teriparatide group (56 per 419.9 person-years, annual inci-
dence rate 0.1334) than in the alendronate group (96 per 553.6
person-years, annual incidence rate 0.1734) with a rate ratio of
0.78 (95% CI 0.61 to 0.99, P = 0.04). The results of the sensi-
tivity analyses also showed the superiority of teriparatide over
alendronate (Online Resource Supplementary Table S3).

Eligible patients (n=1022)

Patients randomized (n=1011) Not registered (n=11)

Teriparatide arm (n=505) Alendronate arm (n=506)

Fig. 1 Flowchart of the patients enrolled in the Japanese Osteoporosis Intervention Trial-05
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Table 1 Baseline characteristics
of postmenopausal women with
severe osteoporosis included in
the full analysis set

Teriparatide (N = 489) Alendronate (N = 496)

Mean SD Mean SD

Age (y) 81.4 4.5 81.5 4.7

Age at menopause (y) 49.6 4.4 49.2 4.4

Time from menopause (y) 31.8 6.5 32.3 6.4

No. of prevalent vertebral fractures 1.6 1.9 1.8 2.0

Proportion of patients with the following no. of prevalent vertebral fractures, %

0 32.4% 32.1%

1 26.8% 27.1%

2 16.8% 15.2%

3 10.9% 9.5%

4 4.9% 6.1%

5 or more 8.2% 10.1%

Maximum grade of prevalent vertebral fractures, %

Grade 1 9.2% 9.5%

Grade 2 15.8% 17.8%

Grade 3 42.6% 40.6%

History of hip fractures 14.1% 13.5%

Prior treatment 53.8% 54.4%

Prior use of bisphosphonates 29.7% 30.2%

Comorbidities, %

Hypertension 37.8% 37.5%

Diabetes 8.2% 9.1%

Dyslipidemia 15.7% 15.3%

Rheumatoid arthritis 0.4% 1.2%

Osteoarthritis 0.0% 0.2%

Others 27.0% 28.0%

Height (cm) 146.7 6.5 146.2 6.2

Weight (cm) 47.7 9.0 47.3 8.1

BMI (kg/m2) 22.2 3.8 22.1 3.5

HbA1c (%) 5.9 0.5 5.9 0.7

BMD at L2-L4 (T-score) −2.3 1.4 −2.4 1.4

Corrected pentosidine (pmol/mL) 45.7 25.8 44.1 19.1

Timed up and go test (sec) 13.1 8.1 13.7 11.1

25OHVD (ng/mL) 17.6 5.9 17.5 5.6

Total cholesterol (mg/dL) 203.3 36.9 200.4 36.0

HDL-cholesterol (mg/dL) 63.1 16.9 60.5 16.5

LDL-cholesterol (mg/dL) 114.8 31.6 113.2 30.4

Triglycerides (mg/dL) 115.1 58.3 120.5 66.2

eGFR (mL/min/1.73 m2) 63.6 17.5 62.8 16.7

Creatinine (mg/dL) 0.7 0.2 0.7 0.2

Urine creatinine (mg/dL) 77.5 58.2 73.0 50.6

Albumin (g/dL) 4.1 0.4 4.1 0.4

Ca (mg/dL) 9.5 0.5 9.5 0.4

Urine Ca (mg/dL) 11.4 8.7 11.3 8.1

Data are summarized as means with standard deviation unless otherwise specified

Abbreviations: SD standard deviation, BMI body mass index, HbA1c hemoglobin A1c, BMD bone mineral
density, L2 second lumbar vertebra, L4 fourth lumbar vertebra, 25OHVD 25-hydroxy vitamin D, HDL high-
density lipoprotein, LDL low-density lipoprotein, eGFR estimated glomerular filtration rate
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The incidence of non-vertebral fractures in the teriparatide
group was 15 per 469.2 person-years (annual incidence rate
0.0320), whereas that in the alendronate group was 20 per
600.2 person-years (annual incidence rate 0.0333), with a rate
ratio of 1.09 (95%CI 0.68 to 1.75). The upper limit of the 95%
CI did not exceed the prespecifiedmargin of 1.96 (P < 0.01 for
non-inferiority). Analyses of the other secondary endpoints
did not show significant treatment effects.

Mean lumbar spine BMD (T-score) was similarly elevated up
to 72 weeks in both treatment groups (Fig. 2). Similar trends in
BMD were observed at the second lumbar vertebra (L2) to L4,
total hip, femoral neck, and forearm (Online Resource
Supplementary Table S4). Serum levels of osteocalcin and
P1NP rose in the teriparatide group and reached peak values at
12 weeks, whereas they constantly decreased in the alendronate
group. As a result, the increases in osteocalcin and P1NP levels
were significantly larger in the teriparatide group at 72 weeks (P
< 0.01). Serum levels of TRACP-5b decreased in both groups,
but the amount of reduction was significantly greater in the
alendronate group at 72 weeks (P < 0.01).

The treatment effects of teriparatide on the incidence of
morphometric vertebral fractures were generally consistent
across various subgroups (Fig. 3). In the subgroups stratified
by SQ grade of prevalent vertebral fracture, however,
teriparatide showed a good effect in patients with grade 3
fractures, whereas alendronate showed it in those with grades
1–2 fractures (P = 0.08 for interaction). Teriparatide also
showed a good effect in patients with T-scores of less than
−3.3, whereas alendronate showed it in those with T-scores of
at least −3.3 (P = 0.61 for interaction).

In both treatment groups, adverse events weremost frequently
reported in the following system organ classes: infections and
infestations, gastrointestinal disorders, and musculoskeletal and
connective tissue disorders (Table 3). During the treatment, 6
patients (2 in the teriparatide group and 4 in the alendronate
group) experienced severe adverse events that were considered
possibly related to the treatment (Online Resource
Supplementary Table S1). In the teriparatide group, nausea and
pancreatic carcinoma were reported. In the alendronate group,
gastric ulcer, herpes zoster, acute heart failure, and death due to
unknown cause were reported.

Discussion

In the primary analysis of this study, the incidence of morpho-
metric vertebral fractures was significantly lower in the
teriparatide group than in the alendronate group. Moreover,
the secondary analysis showed the non-inferiority of
teriparatide to alendronate in reducing the risk of non-
vertebral fractures. Although the vertebral fracture treatment
comparisons in osteoporotic women (VERO) study showed
the superiority of once-daily injection of teriparatide over
risedronate in reducing new radiographic vertebral fractures
[18], no randomized, controlled trial has compared the anti-
fracture efficacy of a once-weekly regimen and another anti-
osteoporosis agent. To the best of our knowledge, this is the
first head-to-head comparison trial.

The rate ratio for the incidence of morphometric vertebral
fractures was 0.78, which was relatively smaller than that
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bone mineral density and bone
turnover markers over 72 weeks
by treatment group. BMD, bone
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obtained from the VERO study (risk ratio 0.44 vs. risedronate)
or a network meta-analysis (hazard ratio 0.46 vs. alendronate)
[18, 19]. This smaller effect size may simply imply that the
once-daily regimen is more efficacious than the once-weekly
regimen, or it may have been derived from the patients’ char-
acteristics in the present study. For example, patients enrolled
in this study were older than those in the VERO study by an
average of 10 years. Another possibility is the poor treatment
adherence. In the present study, the mean percentage adher-
ence in the teriparatide group was 29%, and approximately
30% of the patients did not wish to continue teriparatide treat-
ment. Once-weekly injection of teriparatide, as well as the
once-daily regimen, is much more expensive than other ther-
apies. It is notable that this was a pragmatic trial in which
study drugs were not provided by the researchers and were
open-label. In other words, patients in the present study paid
the cost of the study medication. This payment might have led
to the poor adherence, although most of the cost was covered
by insurance. The cost is an important limitation of
teriparatide [2], and effective strategies to improve adherence
are needed.

Patients aged at least 75 years were enrolled, and their
mean age exceeded 80 years. Because clinical trials usually
do not include patients aged 80 years or older, the present
findings are important when considering the treatment strate-
gy for such an elderly population. In the subgroup analysis
stratified by age (<85 vs. ≥85 years), treatment effects were
consistent regardless of age group. This result means that the
anti-fracture efficacy of teriparatide is superior to that of
alendronate even in elderly persons.

Other subgroup analyses have suggested the superiority of
teriparatide in patients with grade 3 prevalent vertebral fractures
and those with T-scores less than −3.3. Currently, teriparatide is
recommended for patients with severe osteoporosis or those at
high risk of fracture worldwide [1, 2, 20]. However, there are no
universally accepted criteria for identifying such a population [1].
For example, the European guidance strongly recommends
teriparatide for patients with vertebral fractures [1], whereas the
Endocrine Society Clinical Practice Guideline recommends it for
thosewith severe ormultiple vertebral fractures [2]. Furthermore,
the Japanese guideline recommends a once-weekly regimen for
those with low BMD, prevalent fractures, older age, or a family
history of hip fracture [20]. The results of the subgroup analyses,
as well as the inclusion criteria, support the recommendations of
the Japanese guideline.

Despite the significant difference in the incidence of
vertebral fracture between the treatment groups, the mean
BMD increased similarly in both groups. In the post hoc
analysis of the Fracture Prevention Trial, teriparatide-
mediated increases in spine BMD accounted for approxi-
mately one-third of the vertebral fracture risk reduction,
and the majority of the risk reduction resulted from im-
provements in non-BMD determinants of bone strength
[21]. In another study, total bone mineral content, total
and cortical bone areas, periosteal circumference, and po-
lar cross-sectional moment of inertia were significantly
higher in patients treated with teriparatide than in those
treated with placebo [22]. These results indicate that the
anti-fracture efficacy of teriparatide is mainly derived
from its effects on bone strength and bone geometry.

Interaction p
Age <85 y

≥85 y 0.98

BMI<18.5 kg/m2

18.5 to 24.9 kg/m2 0.66
≥25 kg/m2

HbA1C <6.5%
≥6.5% 0.22

Prevalent vertebral fractures <2
≥2 0.31

SQ Grade<3
Grade 3 0.08

No prior bisphosphonates
Prior bisphosphonates 0.19

Lumbar BMD T-score <-3.3
≥-3.3 0.61

Low pentosidine
High pentosidine 0.57

Timed up and go test<11 seconds
≥11 seconds 0.38

Overall

0.10 0.20 0.40 0.80 1.60 3.20
Rate ratio for morphometric vertebral fractures

Fig. 3 Rate ratio for the incidence
of morphometric vertebral
fractures stratified by baseline
characteristics. BMI, body mass
index; HbA1c, hemoglobin A1c;
SQ, semiquantitative; BMD, bone
mineral density
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As for the changes in bone turnover markers, once-weekly
injection of teriparatide increased the serum levels of
osteocalcin and P1NP and decreased the levels of TRACP-
5b, which indicates that it increases bone formation while
decreasing bone resorption. This result is inconsistent with
those obtained from the once-daily regimen, which increased
bone-resorption markers after increasing bone-formation
markers [23, 24]. This may be a unique action of the once-
weekly regimen because previous clinical studies have also
shown that once-weekly injection of teriparatide induced bone
formation without promoting bone resorption [11, 25]. In a
non-clinical study in mice, a low frequency of administration
of teriparatide induced bone formation by both remodeling
and mini-modeling, whereas high-frequency administration
induced it predominantly by remodeling [7]. This result may
explain its unique action, because bone formation by model-
ing involves little increase in bone resorption [25].

In the safety assessments, adverse events were frequently re-
ported in both groups because elderly patients were enrolled in the
study. However, only 4 severe adverse events were considered
possibly related to teriparatide. In addition, similar proportions of

patients in both groups died by the end of 72 weeks in the present
study, whereas more patients died in the teriparatide group than in
the risedronate group in theVEROstudy [18]. These safety results,
as well as the efficacy results, suggest that a once-weekly regimen
could be a promising treatment option.

Some limitations should be mentioned. First, the sample
size was not large enough to detect the difference between
the treatment groups in the incidence of any fracture, the inci-
dence of clinical vertebral fracture, and vertebral fracture pro-
gression. We plan to assess the effects of the sequential ther-
apy on these outcomes at 120 weeks. Second, the mean per-
centage adherence differed between the treatment groups.
However, regarding the primary endpoint, the robustness of
the findings was examined through three sensitivity analyses,
and the results were similar to those of the planned primary
analysis, although multiple imputation was not performed.
Third, since BMD was measured at the lumbar spine, proxi-
mal femur, radius, and second metacarpal bone in each insti-
tution, the precise analytical methods might have differed
among the institutions. Therefore, changes in T-scores were
analyzed in this study.

Table 3 Incidence of adverse
events during the 72-week treat-
ment period

System organ classa Teriparatide (N = 489) Alendronate (N = 496)

n (%) n (%)

Infections and infestations 49 (10.0) 98 (20.0)

Immune system disorders 3 (0.6) 4 (0.8)

Nervous system disorders 19 (3.9) 21 (4.3)

Eye disorders 2 (0.4) 10 (2.0)

Ear and labyrinth disorders 9 (1.8) 6 (1.2)

Cardiac disorders 9 (1.8) 8 (1.6)

Vascular disorders 16 (3.3) 11 (2.2)

Gastrointestinal disorders 57 (11.7) 46 (9.4)

Hepatobiliary disorders 4 (0.8) 2 (0.4)

Skin and subcutaneous tissue disorders 38 (7.8) 46 (9.4)

Musculoskeletal and connective tissue disordersb 99 (20.2) 84 (17.2)

Renal and urinary disorders 12 (2.5) 9 (1.8)

General disorders and administration site conditions 43 (8.8) 24 (4.9)

Blood and lymphatic system disorders 5 (1.0) 8 (1.6)

Respiratory, thoracic, and mediastinal disorders 28 (5.7) 11 (2.2)

Injury, poisoning, and procedural complications 0 (0.0) 16 (3.3)

Psychiatric disorders 6 (1.2) 5 (1.0)

Metabolism and nutrition disorders 13 (2.7) 8 (1.6)

Neoplasms benign, malignant, and unspecifiedc 5 (1.0) 9 (1.8)

Investigations 4 (0.8) 2 (0.4)

Others 2 (0.4) 1 (0.2)

a Adverse events were coded according to the system organ class of the Medical Dictionary for Regulatory
Activities
b Fractures were excluded
c Cysts and polyps were included
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In conclusion, treatment with once-weekly subcutaneous in-
jection of teriparatide for 72 weeks was associated with a signif-
icant reduction in the incidence of morphometric vertebral frac-
tures compared with that with alendronate in women with pri-
mary osteoporosis who were at high risk of fracture. However,
teriparatidemust be switched to another medication once patients
have received it for the approved period. Therefore, a suitable
successor to teriparatide must be identified. In the second part of
this study, we will determine whether the efficacy of sequential
therapy with teriparatide followed by alendronate is superior to
that of monotherapy with alendronate alone.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00198-021-05996-2.
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