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Abstract
Introduction  Bisphosphonates are the standard treatment for glucocorticoid-induced osteoporosis (GIOP) with teriparatide 
being another option. While daily teriparatide has been shown to be effective in increasing bone mineral density (BMD), the 
efficacy of once-weekly teriparatide (56.5 µg) has not yet been evaluated. The TOWER-GO study, a 72-week, multicenter, 
open-label, randomized controlled trial, was conducted in patients with GIOP to compare the effects of once-weekly teri-
paratide and once-weekly alendronate 35 mg on BMD.
Materials and methods  Patients (N = 180) with GIOP for whom drug treatment was indicated according to the 2004 guide-
lines in Japan were randomized to receive once-weekly teriparatide (n = 89) or once-weekly alendronate (n = 91). The primary 
endpoint was the non-inferiority of percentage change in lumbar spine BMD at final follow-up. The secondary endpoints 
were the percentage change in BMD from baseline, incidence of bone fractures, and changes in bone turnover markers.
Results  While the non-inferiority of teriparatide to alendronate was not confirmed, BMD increased significantly from 
baseline with teriparatide and alendronate by 5.09% and 4.04%, respectively (both p < 0.05), at 72 weeks. The incidence of 
vertebral and non-vertebral fractures was similar in both groups. Bone formation markers increased in the teriparatide group 
and decreased in the alendronate group.
Conclusions  The non-inferiority of once-weekly teriparatide versus once-weekly alendronate in BMD change at 72 weeks 
was not shown, but the increase in bone formation markers over time and the increase of BMD in GIOP patients treated with 
once-weekly teriparatide were confirmed.
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Introduction

According to the National Institutes of Health (NIH), osteo-
porosis is defined as “a skeletal disease which is character-
ized by decreased bone strength and an increased risk of 
bone fractures” [1]. Osteoporosis has been further classified 
into primary osteoporosis, which includes postmenopausal, 
male, and idiopathic osteoporosis, and secondary osteopo-
rosis, which includes endocrine, nutritional, drug-induced, 
immobility, and congenital osteoporosis [2]. Glucocorticoid-
induced osteoporosis (GIOP) is the most common type of 
secondary osteoporosis, and it can occur in patients of any 
age, from children to the elderly [3].

In 2004 [4], the Japanese Society for Bone and Mineral 
Research (JSBMR) released guidelines (Guidelines on the 
Management and Treatment of Glucocorticoid-induced Osteo-
porosis) for the management and treatment of GIOP, and these 
guidelines were updated in 2014 [5]. The primary objectives of 
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both guidelines were to provide advice on the prevention and 
treatment of osteoporosis in patients who take or are expected 
to take oral glucocorticoids for 3 months or longer. Regarding 
to dosages of glucocorticoids, the 2004 guidelines [4] recom-
mended that all patients on ≥ 5 mg of daily prednisolone be on 
drug treatment. In the 2014 guidelines where a scoring system 
was introduced for medications with four risk factors including 
glucocorticoids, the dose of daily prednisolone was graded into 
three levels (< 5 mg, ≥ 5 and < 7.5 mg, ≥ 7.5 mg) with each 
score, and with a total score of three or higher, drug treatment 
was recommended. The medications recommended as the first 
choice by both guidelines are bisphosphonates. However, teri-
paratide therapies are recommended as alternatives in the 2014 
guidelines, since teriparatide therapy in the primary prevention 
of osteoporosis had not yet been confirmed when the guide-
lines were published [5]. Teriparatide is approved in Japan 
for the treatment of osteoporosis with a high risk of fracture.

Daily teriparatide therapy is recommended in the guide-
lines of other countries (e.g., American College of Rheu-
matology [ACR] 2017 guidelines) [6] based on the results 
of a study comparing the efficacy of daily administration 
of teriparatide versus alendronate in the treatment of GIOP 
[7]. That study found that the increase in lumbar spine bone 
mineral density (BMD) from baseline to 18 months was 
significantly higher in the teriparatide group (7.2%) than 
in the alendronate group (3.4%), and that the rate of new 
vertebral fracture was significantly lower in the teriparatide 
group than in the alendronate group. However, no studies 
have specifically evaluated the efficacy of once-weekly teri-
paratide in patients with GIOP.

We, therefore, decided to conduct the teriparatide once-
weekly efficacy research for GIOP (TOWER-GO) trial to 
investigate whether once-weekly teriparatide 56.5 µg is non-
inferior to once-weekly alendronate 35 mg for the treatment 
of GIOP in Japan. The dosages of 56.5 µg once-weekly teri-
paratide [8] and 35 mg once-weekly alendronate [9] were 
approved by the regulatory authorities in Japan. In the pre-
sent study, the primary endpoint was the comparison of the 
percentage changes in lumbar spine BMD after 72 weeks 
between the two treatments. The time-dependent percentage 
change in lumbar spine BMD with each treatment, verte-
bral fracture/non-vertebral fracture occurrence rate, rate of 
change in bone turnover markers, and rate of quality of life 
(QOL) improvement were the secondary endpoints.

Materials and methods

Study design

This was a 72-week, open-label, randomized controlled, 
non-inferiority trial in Japanese patients with GIOP at 43 
study sites. The study was conducted in compliance with 

the ethical principles that have their origin in the Decla-
ration of Helsinki and the Ethical Guidelines for Clinical 
Research and was approved by the Mizuo Clinic institu-
tional review board (Yokohama, Japan), the central IRB in 
this study. Where necessary, it was approved by the IRB at 
each site. All patients provided written, informed consent 
before enrollment in the study. This study was registered 
with the UMIN Clinical Trials Registry (UMIN000011419). 
Enrollment of subjects took place from November 2013 to 
December 2016, with the last patient observation completed 
in June 2018.

Subjects

The GIOP patients (age ≥ 20 years) were recruited (N = 180) 
based on guidelines released by the JSBMR (Guidelines on 
the Management and Treatment of Glucocorticoid-induced 
Osteoporosis) [4] in 2004. The 2004 guidelines recom-
mended that treatment simultaneously with or in the very 
early stage of glucocorticoid administration is important 
based on the evidence from GIOP studies [10–13], epide-
miological data [14], and domestic data. Therefore, based on 
the above guidelines, patients who were receiving or were 
going to receive ≥ 5 mg of prednisolone daily for 3 or more 
months were included in the present study [4].

The exclusion criteria were as follows: patients who 
had used bisphosphonates in the past except for ≤ 2 weeks 
more than 6 months before enrollment; patients previously 
treated with teriparatide; patients in whom teriparatide and 
alendronate were contraindicated; patients treated with 
denosumab for up to 6 months before enrollment; patients 
in whom three or more lumbar vertebral bodies (L1—L4) 
could not be evaluated using dual-energy X-ray absorptiom-
etry (DXA); and other patients the investigators considered 
ineligible to participate in the study.

The included patients (N = 180) were randomly allo-
cated to the once-weekly teriparatide 56.5  µg group 
(n = 89) (approved in Japan and Korea) or the weekly oral 
alendronate 35 mg group (n = 91) for 72 weeks by central 
stratified randomization using a dynamic allocation (mini-
mization) method to balance age, sex, previous glucocorti-
coid use, prevalent vertebral fractures, lumbar spine BMD, 
and primary disease between the two groups. All patients 
received daily oral supplements of calcium 610 mg, vitamin 
D 400 IU, and magnesium 30 mg (Calcichew D3; Takeda 
Consumer Healthcare, Tokyo, Japan).

Of the 180 enrolled subjects, 81 in the teriparatide group 
and 90 in the alendronate group were included in the safety 
analysis set (Fig. 1). The decrease in the number of subjects 
in the safety analysis set was due to withdrawal of consent. 
The subjects who received the study drug at least once and 
were evaluated for efficacy at least once were included in 
the efficacy analysis set using the statistical analysis [last 
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observation carried forward (LOCF) method] described 
below. These included 58 subjects in the teriparatide group 
and 79 subjects in the alendronate group (Fig.  1). The 
decrease in the number of subjects in the efficacy analysis set 
was due to withdrawal of consent after the baseline evalua-
tion or discontinuation due to adverse events or interruption 
of hospital visits. In this study, if a prescribed evaluation 
was performed at least once by week 72, the patient was not 
treated as a dropout.

Efficacy endpoints and measures

The primary endpoint was confirmation of non-inferiority 
of teriparatide to alendronate in the percentage change of 
lumbar spine (L2—L4) BMD at final follow-up (72 weeks). 
Lumbar spine BMD was measured using DXA at baseline, 
24, 48, and 72 weeks. Missing BMD values were imputed 
by the LOCF method.

The secondary endpoints were the time-dependent per-
centage change in lumbar spine BMD from baseline to 
72 weeks in each group, incidences of vertebral and non-
vertebral fractures, changes from baseline in bone turnover 
markers, and the degree of improvement in QOL in the teri-
paratide and alendronate groups. The incidence of vertebral 
fractures was assessed at baseline, 24, 48, and 72 weeks 

using a semi-quantitative methodology [15, 16]. In the pre-
sent study, the definition of non-vertebral fractures was the 
same as in the TOWER study [8]; that is, fragility fractures 
excluded fractures caused by a traffic accident or a fall from 
a height higher than standing height. Bone turnover mark-
ers were assessed at baseline, 4, 24, 48, and 72 weeks. Type 
I procollagen N-terminal propeptide (P1NP), osteocalcin 
(OC), C-terminal telopeptide of type I collagen (CTX), 
and tartrate-resistant acid phosphatase-5b (TRACP-5b) 
were analyzed as markers of bone turnover. P1NP and OC 
were classified as bone formation markers, and CTX and 
TRACP-5b were classified as bone resorption markers. 
QOL (5-Dimension EuroQol questionnaire [EQ-5D]) was 
measured at baseline and at 72 weeks. Serum samples were 
obtained under non-fasting conditions before administration 
of the study drugs.

Adverse events

Data on adverse events (AEs) and serious AEs (SAEs) were 
collected throughout the study for the safety analysis. AEs 
and SAEs were coded using the Medical Dictionary for 
Regulatory Activities/Japanese (MedDRA/J) version 21.0. 
Safety results are presented as the numbers and percentages 
of AEs for each AE, along with causality and severity.

Fig. 1   Enrollment and outcomes. Of the allocated cases, those who 
received the study drug at least once were included in the safety anal-
ysis sets. The subjects who received the study drug more than once 

and were evaluated for efficacy at least once were included in the effi-
cacy analysis set. SP safety population, ES efficacy set
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Statistical analyses

The non-inferiority test for the primary endpoint was set at a 
one-sided significance level of α = 2.5%, and the two-tailed 
tests for the secondary endpoints were set at a significance 
level of α = 5%, with a two-sided confidence interval (CI) of 
95%. To assess whether the result demonstrated non-inferi-
ority for the primary endpoint, the coefficient of the CI and 
the lower limit of the CI value were set in keeping with a 
non-inferiority margin of 1.5%. It was known that the accu-
racy of bone mass measurement by the lumbar frontal DXA 
method was around 1–1.5%, and if there was no change of at 
least 3%, it was difficult to call the change significant. Based 
on the above and the study conducted by Kishimoto et al. 
[17], the non-inferiority margin was set to 1.5%, which was 
half the amount of change of 3%.

The intragroup and intergroup comparisons of the 
changes in BMD in the teriparatide and alendronate 
groups were performed by applying the paired t test and 
the unpaired t test to the percentage changes from baseline, 
respectively. For the bone turnover markers, the intragroup 
and intergroup comparisons were performed by applying 
the paired t test and the unpaired t test to the percentage 
changes from baseline, respectively. The incidences of new 
vertebral and non-vertebral fractures were calculated using 
the Kaplan–Meier method, and the log-rank test was used 
for the intergroup comparisons of the incidences of vertebral 
and non-vertebral fractures. Other categorical variables were 
compared between study groups using Fisher’s exact test.

All analyses were performed using SAS statistical soft-
ware, version 9.4 (SAS Institute, Cary, NC, USA).

Results

A total of 180 subjects were enrolled, and 81 in the teripara-
tide group and 90 in the alendronate group were included in 
the safety analysis set. Of the safety analysis set, 58 subjects 
in the teriparatide group and 79 subjects in the alendronate 
group were included in the efficacy analysis set (Fig. 1). The 
background characteristics of the subjects in the efficacy 
analysis set are summarized in Table 1. No significant dif-
ferences were observed in the baseline background charac-
teristics between the two groups.

The unpaired t test between the teriparatide and alen-
dronate groups supplemented by the LOCF method at 
72 weeks showed no significant difference (Table 2). The 
lower limit of the CI value for the mean difference between 
the groups was below the non-inferiority margin. With these 
results, the present study could not confirm the non-inferi-
ority of once-weekly teriparatide compared to once-weekly 
alendronate using the LOCF method. On the other hand, the 
percentage changes from baseline in lumbar spine BMD in 

the teriparatide and alendronate groups increased to 1.12% 
(p = 0.06) and 2.76% (p < 0.05) at 24 weeks, 2.6% (p < 0.05) 
and 3.07% (p < 0.05) at 48 weeks, and 5.09% (p < 0.05) and 
4.04% (p < 0.05) at 72 weeks, respectively (Fig. 2).

Nine patients from the two study groups had a new verte-
bral fracture, and one patient in the alendronate group had a 
new non-vertebral (femoral neck) fracture during the obser-
vation period. The incidences of both vertebral (p = 0.29) 
and non-vertebral (p = 0.40) bone fractures did not differ 
significantly between the teriparatide and alendronate groups 
(Table 3).

Bone formation markers (P1NP (Fig.  3a) and OC 
(Fig. 3b)) increased with time after teriparatide adminis-
tration and decreased after alendronate administration, 
whereas bone resorption markers [CTX (Fig. 3c), TRACP-
5b (Fig. 3d)] decreased slightly after teriparatide administra-
tion and decreased after alendronate administration.

Compared with baseline, there was a small but not sig-
nificant improvement in QOL in both groups at 72 weeks, 
as shown in Table 4 (within the teriparatide group p = 0.14 
and within the alendronate group p = 0.08). No significant 
difference in QOL was observed between the two groups 
(p = 0.38).

Approximately 50% of patients in the safety analysis set 
reported AEs; however, the severity and/or causal relation-
ship with study treatment was not reported (Table 5). The 
case of septic shock that occurred in the teriparatide group 
was due to the subject’s underlying disease and was not asso-
ciated with the study drug. No substantial differences were 
observed between the two groups.

Discussion

The primary endpoint of this study, the non-inferiority of 
once-weekly teriparatide determined by lumbar spine BMD 
analysis, could not be confirmed at the final follow-up by the 
last observation with missing data that were imputed using 
the LOCF method. However, the increases of BMD and bone 
formation markers over time in GIOP patients treated with 
once-weekly teriparatide were confirmed.

Results from the placebo arms of RCTs [18, 19] and sev-
eral reviews [20, 21] showed that BMD definitely decreased 
early when glucocorticoid treatment was started. Therefore, 
it would be important to see the BMD increases (Fig. 2) in 
each group in the present study, and an increase in BMD 
could be said to be the effect of the study drug.

Alendronate is the drug of first choice in the GIOP guide-
lines [4, 5]. The dose of 35 mg alendronate once-weekly was 
approved by the regulatory authorities in Japan based on the 
equivalence of effects on BMD and bone turnover markers 
in a placebo-controlled trial in primary osteoporosis [9]. The 
effect of 35 mg alendronate once-weekly for GIOP has also 
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been reported [22]. Based on the above, the comparative 
study of once-weekly (56.5 µg) teriparatide and once-weekly 
alendronate (35 mg) was conducted using BMD as an index.

A decrease in BMD [14] and an increase in bone frac-
ture risk [23] are known to manifest early during the dis-
ease course after glucocorticoid therapy is started. Both an 
increase in bone resorption in the early phase and a decrease 
in bone formation over the entire period of glucocorticoid 

administration are involved in the pathogenesis of GIOP [3]. 
The present study showed that, in the alendronate group, 
both the bone resorption marker and the bone formation 
marker decreased significantly. Furthermore, it showed that, 
in the once-weekly teriparatide group, the bone resorption 
marker decreased slightly, but the bone formation marker 
increased, similar to the results in patients with primary 
osteoporosis [8]. These changes in bone markers of this 
group were called the ‘anabolic window’ [24]. In contrast, 
daily teriparatide administration increased both bone forma-
tion and resorption markers [25]. This difference appears to 
depend on the differences in the mechanisms of action and 
the pharmacokinetics between the two teriparatide regimens.

In the study conducted by Saag et al. [7], the incidence 
of vertebral fractures (secondary endpoint) was significantly 
higher in the alendronate group than in the daily teriparatide 
group. However, this study found that there was no signifi-
cant difference in the incidence of non-vertebral fractures. 

Table 1   Patients’ baseline 
characteristics

There were no significant differences between groups
BMD bone mineral density, YAM (%) young adult mean (%)
a Data are expressed as means ± SD, bdata are expressed as n (%)

Variable Teriparatide (n = 58) Alendronate (n = 79)

Age (year)a 65.8 ± 12.1 66.3 ± 13.3
Sex (male/female) 15/43 20/59
Age at menopause (year)a 49.3 ± 3.0 49.2 ± 4.0
Height (cm)a 157.27 ± 8.25 156.02 ± 7.66
Weight (kg)a 54.35 ± 10.77 54.93 ± 10.17
Primary disease for which steroids were prescribedb

 Rheumatoid arthritis 29 (50.0%) 37 (46.8%)
 Other diseases 29 (50.0%) 42 (53.2%)

Duration of primary disease for which steroids were prescribedb

 < 10 y 44 (75.9%) 62 (78.5%)
 ≥ 10 to < 20 y 4 (6.9%) 7 (8.9%)
 ≥ 20 to < 30 y 4 (6.9%) 3 (3.8%)
 ≥ 30 y 1 (1.7%) 1 (1.3%)
 Unknown 5 (8.6%) 6 (7.6%)

Prednisone equivalentb

 < 5 mg/day 1 (1.7%) 2 (2.5%)
 ≥ 5 to < 10 mg/day 24 (41.4%) 37 (46.8%)
 ≥ 10 to < 20 mg/day 19 (32.8%) 23 (29.1%)
 ≥ 20 mg/day 14 (24.1%) 17 (21.5%)

Lumbar spine BMD YAM (%)b

 < 70 12 (20.7%) 11 (13.9%)
 ≥ 70 46 (79.3%) 68 (86.1%)

Prevalent vertebral fracturesb

 −  51 (87.9%) 66 (83.5%)
 +  7 (12.1%) 13 (16.5%)

Non-vertebral fracturesb

 −  58 (100.0%) 78 (98.7%)
 +  0 (0.0%) 1 (1.3%)

Table 2   Percentage change of lumbar BMD (LOCF) from 0 to 
72 weeks

Data are expressed as means ± standard error
a Number of cases of BMD change from 24 and 48 weeks using the 
LOCF method were 10 (17.2%)/16 (27.6%) in the teriparatide group 
and 4 (5.1%)/33 (41.8%) in the alendronate group, respectively

Week Teriparatide Alendronate p value

72a 2.91% ± 0.77 (n = 58) 3.42% ± 0.53 (n = 79) 0.14
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In the present study, no difference was found in fracture inci-
dence between once-weekly teriparatide and once-weekly 
alendronate. The present study was likely unable to confirm 
any difference between the drugs because of the small num-
ber of subjects and fractures.

Patients reported slight improvements in QOL, suggest-
ing an increase in the degree of satisfaction of patients in 
both groups. However, there may be a placebo effect, so that 
larger clinical trials may be needed. On the other hand, no 
severe AEs were reported in the once-weekly teriparatide 
group during the entire administration period (72 weeks), 
indicating that there are no safety concerns associated with 
its administration.

Bisphosphonate formulations such as alendronate sup-
press bone resorption and formation, whereas once-weekly 

teriparatide formulations act to promote bone formation. 
This difference in mechanism of action suggests that the 
once-weekly teriparatide formulation is an alternative 
therapy for patients with suppressed bone turnover and 
at risk of adverse events such as atypical femoral fracture 
(AFF) and bisphosphonate-related osteonecrosis of the jaw 
(BRONJ) associated with long-term administration of bis-
phosphonate formulations.

One of the limitations of this study was the relatively 
high dropout rate in the once-weekly teriparatide group 
(Fig. 2). The inconvenience of subcutaneous injection 
every week at a medical institution for a prolonged dura-
tion (72 weeks) and the occurrence of AEs were seen as 
the reasons for dropout in the post-marketing observa-
tional study [26]. This high dropout rate might contribute 
to the higher incorporation rate of 24-week BMD with the 
LOCF method in the once-weekly teriparatide group com-
pared to that in the once-weekly alendronate group (17.2% 
vs 5.1%) (Table 2), and this might subsequently affect the 
statistical estimation of the true values.

In conclusion, the non-inferiority of once-weekly 
teriparatide administration could not be confirmed at the 
final follow-up, but the once-weekly teriparatide regimen 
increased the bone formation markers of GIOP patients over 
time, which resulted in an increase in lumbar spine BMD. 
This suggested that once-weekly teriparatide administration 
could be an alternative treatment option for GIOP patients.

Fig. 2   Percentage change in 
lumbar spine BMD from base-
line to 72 weeks. The circles 
with a solid line and rhombi 
with a dotted line indicate the 
teriparatide group and alen-
dronate group, respectively. The 
error bars represent standard 
error. +Indicates p < 0.05 versus 
baseline by Student’s t test. 
The number of subjects at each 
evaluation is below the graph. 
BMD bone mineral density

Table 3   Incidences of vertebral and non-vertebral fractures

Data are expressed as n (%)
There were no significant differences between groups

Teriparatide Alendronate p value

Vertebral fracture
 −  53 (91.4%) 75 (94.9%) 0.29
 +  5 (8.6%) 4 (5.1%)

Non-vertebral fracture
 −  58 (100.0%) 78 (98.7%) 0.40
 +  0 (0.0%) 1 (1.3%)



452	 Journal of Bone and Mineral Metabolism (2021) 39:446–455

1 3

Fig. 3   Percentage change in 
bone turnover markers from 
baseline to 72 weeks. The 
circles with a solid line and 
rhombi with a dotted line indi-
cate the teriparatide group and 
alendronate group, respectively. 
The error bars represent stand-
ard error. +Indicates p < 0.05 
versus baseline by Student’s t 
test. #indicates p < 0.05 versus 
between groups by Student’s t 
test. The number of subjects at 
each evaluation is shown below 
the graph. P1NP and OC are 
markers of bone formation. 
CTX and TRACP-5b are mark-
ers of bone resorption. a P1NP, 
b OC, c CTX, and d TRACP-5b
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Fig. 3   (continued)
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Table 4   Comparison of QOL 
(EQ-5D) scores over time

Data are expressed as means ± SE
QOL (EQ-5D), quality of life (5-Dimension EuroQol)
There were no significant differences within or between groups

Week Teriparatide Alendronate p value

0 0.7704 ± 0.0276 0.7426 ± 0.0219 0.43
72 0.8349 ± 0.0374 0.7944 ± 0.0280 0.38
Within group
p value

0.14 0.08

Table 5   Adverse events

Data are expressed as n (%)
There were no significant differences between groups

No. of patients (%)

Teriparatide (n = 81) Alendronate (n = 90)

Total events 47 (58.0%) 43 (47.8%)
Infections and infestations 26 (32.1%) 26 (28.9%)
 Bronchitis 4 (4.9%) 2 (2.2%)
 Nasopharyngitis 6 (7.4%) 4 (4.4%)
 Septic shock 3 (3.7%) 0

Nervous system disorders 9 (11.1%) 7 (7.8%)
 Headache 2 (2.5%) 3 (3.3%)

Respiratory, thoracic, and mediastinal disorders 1 (1.2%) 9 (10.0%)
 Cough 0 3 (3.3%)

Gastrointestinal disorders 22 (27.2%) 12 (13.3%)
 Nausea 8 (9.9%) 0
 Vomiting 6 (7.4%) 1 (1.1%)

Skin and subcutaneous tissue disorders 5 (6.2%) 5 (5.6%)
 Rash 4 (4.9%) 2 (2.2%)

General disorders and administration site conditions 4 (4.9%) 2 (2.2%)
 Paresthesia 3 (3.7%) 0

Surgical and medical procedures 0 4 (4.4%)
 Joint arthroplasty 0 3 (3.3%)
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