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Abstract

Purpose: To compare the effect of teriparatide and alendronate (bisphosphonate, BPP) among
Chinese patients with osteoporosis (OoP).

Method: Chinese subjects aged > 40 years with a history of vertebral/non-vertebral osteoporotic
fragility/fractures were enrolled, and administered either teriparatide (TPT 20 pg/day) subcutaneously or
alendronate (BPP)10 mg orally once daily for 12 months. Bone mineral density (BMD), measured using
x-ray techniques, and bone formation biomarkers such as osteocalcin [OTC] and bone alkaline
phosphatase, were assessed at baseline, and after 6 and 12 months of treatment. The proportion of
patients with fractures as well as fracture rate were also recorded. The safety of the drugs was
evaluated based treatment emergent adverse events.

Result: In Chinese men with OoP, substantially greater improvement in BMD was observed in TPT
group, compared to BPP group. TPT demonstrated substantially greater improvement in OTC and,
bone alkaline phosphatase than in BPP. Also, patients treated with TPT had significantly lower
incidence of new fracture than BPP group during the study period, irrespective of gender distribution
(relative risk reduction at 6 and 12 months was 45 and 47 % respectively). The results showed that TPT
was superior to BPP in increasing BMD and bone formation biomarkers and reducing new fractures in
both male and female patients with osteoporosis.

Conclusion: Teriparatide is effective and safe in reducing bone loss and preventing vertebral fractures
in Chinese patients with osteoporosis. Furthermore, the results show that there is no gender difference
in the efficacy and safety of teriparatide in osteoporosis.
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INTRODUCTION osteoporosis prevalence rate is higher in
postmenopausal women, there are reports that

Bone fracture will affect > 50 % of population in  the incidence rate of osteoporosis is gradually
the next 5 years, especially for the patients within  increasing in men > 60 years [2]. Low bone
the age group of = 65 year [1]. Although mineral density (BMD) is one of key reason for
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bone fracture among older men and women [3].

Bisphosphonates are the class of drugs which
bind bone minerals and block the activity of
osteoclasts [4]. This results in decreased bone
remodeling, thereby slowing down bone loss
and significantly improving the material
properties of bone [5].

Teriparatide is human recombinant parathyroid
hormone and was found effective in preventing
bone loss by stimulating bone modelling and
remodeling, which increases the bone mass
that helps in protecting against the fracture [6].
The results of several clinical reports showing
that teriparatide (20/40 pg) was effective in
increasing the BMD in dose dependent manner
and thereafter preventing fractures [7].

Currently, no comparative study is available on
the effect of TPT versus Bisphosphonates in
Chinese men patients with osteoporosis and
compare it between men and women. This is
the first study to compare effect of TPT and
Bisphosphonates in Chinese men and women
who were suffering from osteoporosis to
understand if gender affect the efficacies. Also,
this study compared the outcome of teriparatide
versus Bisphosphonates on BMD and bone
formation biomarker. Also, comparative data on
incidence of fractures was assessed. This study
was also designed to directly compare the effects
of teriparatide between men and women.

METHODS

Patients and study design

Chinese subjects aged > 40 years with history of
vertebral/non-vertebral osteoporotic
fragility/fractures were enrolled. The study was
initiated after obtaining ethical approval from the
institutional ethics committee (IEC) of Nanjing
Medical University, vide, approval no. IEC/NMJ-
20/783/05/N-398. The study was conducted in
line with the ethical principles laid down in
Helsinki Declaration and its later amendments
[8].

Patients with any other bone disorder,
hypoparathyroidism, hyperparathyroidism, or
hyperthyroidism were excluded. The patients
with  American Society of Anesthesiologists
(ASA) score of = 4, had history of bleeding
disorder, uncontrolled diabetes, severe heart
diseases, mental disorder, chronic renal disease,
sleep disorder, pleural adhesions, or had
undergone ipsilateral thoracic surgery were
excluded. Also, patients with deformity in airways
or spinal, or chest wall were also excluded.

Patients with suspected carcinoma or a history of
carcinoma were excluded. The patients with any
other pathology likely to affect the outcome of the
study, and patients who received concomitant
and contra-indicated medications, as well as
patients undergoing any other form of surgery,
were excluded.

Treatments

All eligible patients were randomized (1:1) to
receive subcutaneous 20 pg/day TPT or 10 mg
alendronate (BPP) orally once daily for
approximately 12 months. Supplements such as
vitamin D and calcium were administered to all
patients who met eligibility criteria.

Efficacy and safety assessments

Bone mineral density was measured using X-ray
techniques of the following timepoints: before
and after 6 and 12 months of treatment.
Biomarkers of bone formation such as
osteocalcin [OTC] and alkaline phosphatase
(bone) were assessed at following timepoints:
before and after 6 and 12 months of treatment.
Also, the proportion of patients with fractures
rates were recorded. Safety of each patient was
evaluated throughout study period.

Safety of both the study drugs was evaluated
throughout study period of 12 months by
recording treatment emergent adverse events in
each treatment group. Also, data of men were
compared with Postmenopausal women.

Statistical methods

Sample size calculation was not applicable for
this study as the current study belongs to pilot
study. However, we have included at least 200
evaluable patients in our study. The data which
belongs to numerical variable or quantitative
variable was analyzed using appropriate
statistical method such as student t-test if data
was parametric, otherwise Man Whitney test.
Categorical variable or qualitative variable was
analyzed using appropriate statistical method
such as Chi-square and fisher exact based on
the number of patients in each category.

Data related to variable with greater variation in
response was analyzed using non-parametric
test. Graph Pad prism was used to analyze the
data. Mean (SD) was reported for all numerical
variable such as BMD, whereas median was
used to present data related to level of bone
biomarkers.
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RESULTS
Patient characteristics

A total of 230 patients were screened and of
these, 200 patients were enrolled. Their data
were analyzed using appropriate statistical tests.
In both groups, patient data were comparable
(Table 1).

Table 1: Patient characteristics

Parameter TPT BPP
N =100 N=100

Age (yr) 53.2 (4.1) 54.7 (6.3)

Sex, FIM (%) 50/50 50/50

Weight, kg 68.2 (4.2) 69.2 (5.2)

BMI (kg/m?) 26.2 (1.8) 27.4 (3.5)

Duration of

treatment 5.16 (1.37) 5.31 (1.17)

(months)

Number (%) of

g?gﬂ::s";"ﬁh history 62 (52%) 56 (56%)

vertebral fracture

Number (%) of

patients with history 47 (47%) 49 (49%)

of at least 1 non-
vertebral fracture

Key: TPT = teriparatide, BPP = bisphosphonates
Bone mineral density

In Chinese OoP patients, TPT demonstrate
substantially greater improvement in BMD as
compared to BPP (Figure 1). The LSM
percentage change in BMD reported after TPT
20 pg/day treatment in Chinese men was similar
to the percentage change in Chinese women
(Figure 1). This indicates that the superior
efficacy of TPT in improving BMD irrespective of
gender as compared to BPP after 6 months of
treatment.

At 12 months, TPT demonstrated improvement in
BMD as compared with BPP (Figure 2). Overall,
effect of TPT on BMD was similar across all
groups studied.

o

@
% 8
f
EZ,
i
¥y
2%
E 4
-]
EE
-
e 2
s . l
=
O]
= 0 =
BFP TPT BPP TPT

Women Men

Figure 1: Change in BMD among Chinese patients
(men and women) with osteoporosis after 6 months of
treatment
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Figure 2: Change in BMD among Chinese patients
(men and women) with osteoporosis after 6 months of
treatment

Biochemical markers

In Chinese men and women with osteoporosis, a
significant difference in percentage change in
serum osteocalcin from baseline was noted with
TPT 20 pg/day compared to BPP after 6 months
of treatment (median for men: teriparatide: 78.3
%; BPP: -16.3 %; p < 0.001; median for women:
teriparatide: 136.3 %; BPP: -11.6 %; p < 0.001)
(Table 2).

The results showed that TPT was superior to
BPP in improving bone formation biomarkers in
Chinese patients of both the gender with
osteoporosis.

Table 2: Change in serum osteocalcin (ng/ml) in Chinese men and women with osteoporosis after 6 months of

treatment
. Women Men

Time- - -

point TPT BPP Effect size TPT BPP Effect size
(N=50) (N=50) (TPT -BPP) (N=50) (N=50) (TPT -BPP)

Baseline* 20.32 21.2 - 16.9 16.49 -

6 Month* 54.05 17.3 - 26.5 12.81 -

Change (%) 136.3 -11.6 78.3 -16.3

P-value P<0.01  P<0.01 P<0.01 P<0.01 P>0.05 P<0.001

*Presented as median. TPT: Teriparatide; BPP: Bisphosphonates
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Table 3: Change in alkaline phosphatase (bone, pg/L) in Chinese men and women with osteoporosis after 6 months

of treatment

Women Men
Time-
point TPT BPP Effect size TPT BPP Effect size
(N=50) (N=50) (TPT -BPP) (N=50)  (N=50) (TPT -BPP)

At 6 months
Baseline* 10.80 9.80 10.50 10.92 ;
6 month* 17.35 12.34 16.45 1122 ;
% Change 37.35 1455 29.43 9.35
P value p<0.001  p<0.001 p<0.001 p<0.001  p<0.005 P<0.001
At 12 months
Baseline* 9.91 9.87 10.32 10.10 ;
6 month* 185 1137 16.40 12.40 )
Change (%) 51.97 18.87 28.79 1133
P-value <0.001 <0.01 <0.001 <0.001 <0.001 <0.001

A substantial improvement in % change for bone
formation markers was observed with teriparatide
20 pg/day as compared to BPP after 6 months of
treatment (Table 3). Both the are effective in
increasing the serum bone-specific alkaline
phosphatase levels from baseline, however,
between group comparison demonstrates that
teriparatide significantly has greater improvement
in levels of bone biomarker. At 12 months, a
similar trend of significant difference in
percentage change in serum bone-specific
alkaline phosphatase from baseline was noted
with TPT 20 pg/day than BPP (Table 3). Overall,
the effect of TPT 20 on osteocalcin and bone-
specific alkaline phosphatase was similar across
both the genders.

A summary of incidence of fracture among
Chinese men and women is presented in Table
4. The patients treated with TPT had significantly
lower incidences of new fracture as compared to
BPP group during study period irrespective of
gender distribution. The relative risk reduction of
0.55 for vertebral fractures for both the groups,
this indicates that 45 % of patients in TPT has
lower chances of experiencing new fracture as
compared to the patients treated with BPP.
Similar trend of results was observed for non-
vertebral fractures for both the treatment group.
For non-vertebral fractures, the relative risk of
0.53 for both the groups, this indicates that 47%
of patients in TPT had lower chances of
experiencing new fracture as compared to the
patients treated with BPP.

During study period, none of patients treated
either TPT or BPP experienced serious adverse
event, with approx. 33 % of patients in both the
groups experienced TEAEs. The most common
adverse events observed in both the treatment
group was dizziness (9%), followed by ALT and

AST increase. The number of patients with AEs
was found comparable in both the group.
Overall, both treatments were found safe.

Table 4: Summary of incidence of fracture after 12
months of treatment with TPT and BPP among
Chinese men and women

Variable Teriparatide Bispht{:Bsgg;)nates
(N=100) (N=100)

Vertebral fractures

Relative risk 0.55

Relative risk 45 %

reduction

(%)

P-value <0.001

Non-vertebral fractures

Relative risk 0.53

Relative risk 47 %

reduction

(%)

P-value <0.001

DISCUSSION

This was the first study to compare the effect of
teriparatide versus Bisphosphonates in men
and women to understand if gender affect the
efficacy. Also, effect of teriparatide versus
Bisphosphonates on BMD and bone formation
biomarker including prevention of occurrence of
new fractures was assessed.

In the present study, compared to BPP,
teriparatide demonstrated substantially greater
improvement in BMD among Chinese men. The
effect of teriparatide in Chinese men was
comparable to the percentage change in Chinese
women. This indicates that the superior efficacy
of TPT 20 pg/day in improving BMD is
irrespective of gender as compared to BPP after
6 and 12 months of treatment. This finding is
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consistent with other studies in which men with
IO randomized to receive teriparatide displayed a
noteworthy improvement in BMD as compared
with those on placebo. Orwoll et al. reported that
the BMD (LS region) increased by 6 % for a
median duration of 11 months [11]. Langdahl et
al reported that men treated for 18 months
experienced a 7.0 % lumbar spine BMD increase
[24].

In the GHDG study, a numerically larger
percentage increase in BMD (LS region) was
observed after teriparatide treatment (6.01 %). In
addition, percentage change in BMD was found
similar in Chinese men and women who received

teriparatide 20-pg/day for 12 months. This
indicates that the benefits of TPT was
comparable Chinese men and women.

Moreover, a similar trend of effect of TPT was
observed in White women and men after long
term treatment, which indicates that there are no
ethnic differences in the effect of teriparatide on
BMD (LS region) [9]. A 12-month treatment with
TPT in this study offer similar kind of efficacy
results as noted with alendronate therapy (7.1%)
in White men with osteoporosis after 2 years of
treatment [10]. This indicates that teriparatide
therapy, has a faster onset of action than
alendronate, is effective in men with
osteoporosis. The rapid onset of action is
possibly due to its stimulation of osteoblastic
activity [11], which increases bone mass [12,13].

In Chinese patients, regardless of sex,
teriparatide treatment increased median serum
levels of osteocalcin as teriparatide preferentially
stimulates osteoblasts. The effect of teriparatide
on osteocalcin was consistent with previous
findings [14]. Also, in the present study,
regardless of sex, we observed noteworthy
improvement in serum bone-specific alkaline
phosphatase after treatment with teriparatide,
after a 6-month or 12-month follow-up period;
possibly due to the effect of teriparatide on
osteoblast which is mainly involved in bone
formation. Overall, the effect of TPT 20 ug/day
on osteocalcin and bone-specific alkaline
phosphatase was similar between Chinese men
and women and consistent with the Caucasian
patients with osteoporosis, which indicates that
there are no ethnic differences in the effect of
teriparatide on osteocalcin or bone-specific
alkaline phosphatase.

The most common adverse event was dizziness
among Chinese men and women. Taken
together, the safety results observed in this study
are very similar to and consistent with previously
published data [8] Overall, safety profile of

teriparatide 20 ug/day was also found to be
similar in Chinese men and women.

Limitations of the study

This study was conducted at a single study
center in China. Thus, the results of the present
trial cannot to be generalized to the Chinese
population. Therefore, a randomized, parallel
group clinical trial with appropriate sample size is
required to confirm the findings of this study.

CONCLUSION

The results show that TPT is superior to BPP in
increasing BMD and bone formation biomarkers
as well as in lowering new fractures in Chinese
men and women with osteoporosis. Moreover,
there are no gender differences in efficacy and
safety with regard to the clinical use of
teriparatide in osteoporosis.
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