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Objective: To bridge the efficacy and compare the safety of the 24-week teriparatide 

treatment in a Chinese osteoporosis study (NCT00414973) to a large international trial (FPT, 

NCT00670501) to determine whether long-term results from the international study were 

applicable to Chinese patients.

Methods: In this post-hoc analysis, a propensity score matching method was used to select 

patients with similar baseline characteristics. Patients were female with osteoporosis at high 

risk of fracture, aged $55 years, and had no history of rheumatoid arthritis or corticosteroid 

use. Outcomes included percentage changes in lumbar-spine bone mineral density (LS-BMD) 

from baseline to 24 weeks, safety in matched-pair patients, and long-term percentage changes in 

LS-BMD and fragility fracture incidence in the matched fracture prevention trial (FPT) popula-

tion. The determination of the acceptability of bridging results was based on the International 

Conference on Harmonization E5 guidelines.

Results: A total number of 228 patients from each study were matched and paired. Patients 

were similar at baseline (P-values .0.33) except for ethnicity (98% Caucasian for FPT). For 

changes in LS-BMD from baseline to week 24, treatment with teriparatide showed significantly 

greater increases (P-values ,0.001; least-squares mean difference: 5.0% in the Chinese study 

and 5.4% in FPT) than comparator (calcitonin/placebo). The safety profiles over 24 weeks were 

similar between two studies. For matched-pair FPT patients, long-term changes in LS-BMD 

were significantly greater (least-squares mean difference: 11.5%, P,0.001) and the fragility 

fracture rate was marginally lower in the teriparatide group compared with the placebo group 

(13.1% vs 22.3%, P=0.070).

Conclusion: Assuming similar pharmacokinetic profiles for teriparatide between popula-

tions, comparable increases in LS-BMD and consistent safety profiles within 24 weeks of 

the treatment suggest long-term LS-BMD results from the FPT may be applicable to Chinese 

population.

Keywords: osteoporosis, teriparatide, bridging, lumbar spine-bone mineral density, LS-BMD, 

fracture prevention trial

Introduction
Osteoporosis is a systemic skeletal disease that leads to an increased risk of fracture. 

The osteoporosis prevalence for women in nine industrialized countries ranged from 

9% to 38%1 and it is reported the prevalence of osteoporosis in China increased over 

the past decades and reached 28% during the period spanning 2012–2015.2 Teripara-

tide, the 1–34 N-terminal fragment of parathyroid hormone, is an anabolic medication 

that increases bone mineral density (BMD) and improves bone quality by stimulating 
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both bone formation and bone resorption.3 Compared to 

placebo, teriparatide treatment reduces risk of vertebral4–6 

and nonvertebral7 fractures in postmenopausal women with 

osteoporosis.

One-year fracture risk can be equally well predicted in 

Caucasian, Blacks, Hispanics, Native Americans, and Asians 

using BMD.8 Although the efficacy and safety of teriparatide 

have been assessed in randomized, controlled trials of men 

and women with osteoporosis for up to 21 months, study 

populations were largely Caucasian.4–6 There is no data show-

ing the comparison in the response of teriparatide between 

Chinese and Caucasian. Therefore, it is important to know 

whether the efficacy and safety of teriparatide treatment in 

Chinese and Caucasian patients with osteoporosis are com-

parable. The International Conference of Harmonization 

(ICH) E5 guidelines on ethnic factors in the acceptability 

of foreign clinical data9 allow investigators to use bridg-

ing studies to extrapolate data from large foreign studies 

to smaller domestic trials. This strategy has been used to 

evaluate osteoporosis therapies, including raloxifene, alen-

dronate, and risendronate.10

The goal of our post-hoc analysis was to compare 

efficacy and safety of 24 weeks of teriparatide treatment 

in paired Chinese and Caucasian patients with similar 

baseline characteristics from two studies. If the efficacy 

of teriparatide was shown to be similar in the matched 

pairs at 24 weeks, this analysis would support the bridging 

of data between the Chinese osteoporosis study11 and the 

international fracture prevention trial (FPT),12 thus allowing 

for a reasonable estimate of long-term lumbar spine-bone 

mineral density (LS-BMD) change and risk reduction of 

new fractures in Chinese women with osteoporosis. We 

hypothesize that efficacy and safety between matched Chi-

nese and Caucasian patients will show similar efficacy and 

safety at 24-weeks.

Materials and methods
Study designs
Response to teriparatide in Chinese and Caucasians was 

evaluated by selecting patients from two randomized trials. 

The Chinese osteoporosis study (ClinicalTrials.gov identi-

fier NCT00414973) was an open-labeled, multicenter, active 

comparator, randomized phase III study. It was carried 

out in 10 study centers and included 362 postmenopausal 

Chinese women and men with established osteoporosis.11 

Patients were randomly assigned to receive teriparatide 

20 µg once daily or calcitonin 200 IU once daily. Efficacy 

was assessed by absolute and percent changes in LS-BMD 

and hip BMD, and changes in biochemical bone markers 

(osteocalcin; OC) after 24 weeks of treatment.11

The study for comparison, the FPT (ClinicalTrials.gov iden-

tifier NCT00670501), took place at 99 centers in 17 counties 

that included 1,637 postmenopausal women with prior ver-

tebral fracture, of whom 98.5% were Caucasian.12 Patients 

were randomly assigned to teriparatide treatment (20 or 40 µg 

once daily) or placebo for a median of 19 months. Efficacy 

was assessed by radiographic and clinical vertebral fracture, 

nonvertebral fracture, changes in BMD in spine and hip and 

changes in the bone marker including procollagen 1 carboxy-

terminal propeptide (P1CP).

Overview of both study designs are shown in Table 1.

Outcomes
The short-term efficacy of teriparatide was evaluated in 

matched Chinese and Caucasian patients based on absolute and 

percent changes in mean LS-BMD from baseline to week 24. 

LS-BMD for both studies was measured by dual-energy X-ray 

absorptiometry with the use of Hologic (Hologic; Marlbor-

ough, MA, USA), Lunar (GE Healthcare; E Healthcare, Little 

Chalfont, UK), or Norland (Swissray; Piscataway, NJ, USA) 

scanners. Manufacturer-specific BMD data, not scanner-

generated standardized data, were collected. Standardized 

BMD (sBMD) data were the basis for any statistical analysis.13 

The following standardization methodology was used:

•	 For Hologic instruments: sBMD (mg/cm2) =1,000 

[1.091× BMD
Hologic

 −0.016]

•	 For Lunar instruments: sBMD (mg/cm2) =1,000 

[BMD
Lunar

 −0.0552]

•	 For Norland instruments: sBMD (mg/cm2) =1,000 

[1.005× BMD
Norland

 +0.070].

Efficacy measurements also included bone turnover 

markers (OC in the Chinese study, P1CP in the FPT). Safety 

was assessed by the frequency and proportion of patients in 

each study who experienced a treatment-emergent adverse 

event (TEAE) and serious adverse event (SAE). Laboratory 

tests included serum, calcium, phosphorus, hepatic enzyme, 

renal function, and uric acid analyses. Changes in mean LS-

BMD and the rate of fracture after 24 months treatment for 

matched patients from the FPT were evaluated. In addition, 

the entire FPT and Chinese study populations were pooled 

for an analysis that estimated the relative risk reduction for 

fracture of teriparatide compared to comparator.

Statistical analysis
To make the patients comparable, only those who met the 

selection criteria for both the FPT and the Chinese study 

were considered. Therefore, patients who were female with 
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osteoporosis at high risk of fracture, aged $55 years, and had 

no history of rheumatoid arthritis or use of corticosteroids 

were included for matching.

Following the initial trimming, a propensity score (PS) 

matching method was used to generate matched-pair 

patients (one patient from each study) that balanced baseline 

characteristics between ethnic groups. All key unbalanced 

characteristics (including baseline age, weight, height, body 

mass index, smoking status, previous osteoporosis medica-

tion usage and baseline LS-BMD) were included in the PS 

model. A 1:1 (Chinese:Caucasian) greedy matching algorithm 

without replacement and with a specified caliper distance of 

0.15 was used to identify matched-pair patients.

The balance of the matched pairs from the two studies 

was determined by hypothesis testing (two-sample t-test 

for continuous variable and chi-squared test for categorical 

variables) or by assessing the standardized difference, which 

compares the difference in means in units of the pooled SD. 

A standardized difference of 0.1 was taken to indicate a 

negligible difference in the mean or prevalence of a covariate 

between two studies.14

Change in mean LS-BMD from baseline to post-baseline 

visit within each treatment arm was tested by paired t-test. 

The difference between teriparatide and comparator groups 

in LS-BMD was tested by analysis of covariance adjusted 

for investigator and baseline LS-BMD. Least-squares mean 

and 95% CI were provided.

The frequency and proportion of patients with TEAEs/

SAEs through week 24 were summarized using preferred 

terms of the Medical Dictionary for Regulatory Activities 

(MedDRA; version 12.0). The relative risk (95% CI) was pro-

vided. Changes from baseline to week 24 in standard laboratory 

Table 1 Overview of study designs

Chinese study FPT

Design ·	 Chinese, phase III, multicenter, open-label, active 
comparator, randomized study

·	 10 sites, 1 country (China), 100% Chinese
·	 Duration: 24 weeks of treatment

·	 Global, phase III, multicenter, double-blind, 
placebo-controlled, randomized study

·	 99 centers, 17 countries, ~98% Caucasian
·	 Duration: median 19 months of treatment

Inclusion criteria ·	 Ambulatory men (aged 40–85 years) or women 
(aged 55–85 years and at least 3 years postmenopause)

·	 Established osteoporosis based on experiencing 
a fragility fracture prior to enrollment or T-score 
BMD ,2.5 at LS or hip

·	 Ambulatory women aged 35–80 years and at least 5 years 
postmenopause

·	 Minimum of one moderate or two mild atraumatic 
vertebral fractures prior to enrollment. For those with ,2 
moderate fractures, or a T-score BMD of ,1.0 at 
LS or hip

Exclusion criteria ·	 Disease or medication (eg, corticosteroid) that affect 
bone metabolism

·	 Impaired renal/hepatic function
·	 Skeletal radiotherapy
·	 Malignant neoplasm within 5 years

·	 Disease or medication (eg, corticosteroid) that affects 
bone metabolism

·	 Impaired renal/hepatic function
·	 Urolithiasis within 5 years
·	 Drug or alcohol abuse 

Treatment and 
sample size

·	 Teriparatide 20 µg once daily (N=242) administered via 
subcutaneous injection

·	 Salmon calcitonin 200 IU once daily administered 
intranasally (N=120)

·	 All patients received calcium 500–650 mg and vitamin D 
200–400 IU daily

·	 Teriparatide 20 µg (N=541) or 40 µg (N=552) once daily 
administered subcutaneously

·	 Placebo (N=544)
·	 All patients received calcium 1,000 mg and vitamin D 

400–1,200 IU daily

Primary efficacy 
endpoint

·	 Percent change in mean LS-BMD from baseline to 
week 24

·	 Reduction in new vertebral fractures following 3 years 
of treatment

Selected secondary 
efficacy endpoints

·	 Assess safety of teriparatide and calcitonin over 
24 weeks in the treatment of men and women 
(each gender analyzed separately) as determined by 
physical examination, vital signs, clinical laboratory data, 
and reports of adverse events 

·	 Establish the effect of long-term treatment with 
teriparatide vs placebo on LS-BMD

·	 Assess population pharmacokinetics of teriparatide
·	 Establish the safety of long-term administration 

of teriparatide 

Primary and notable 
secondary results

·	 Teriparatide was found to be superior to calcitonin 
in increasing percent change in mean LS-BMD in 
postmenopausal women

·	 Both treatments were safe and well tolerated in 
this population

·	 Treatment with teriparatide:

°	 Decreased the risk of vertebral and nonvertebral 
fractures

°	 Increased vertebral, femoral, and total-body BMD

°	 Was well tolerated

Abbreviations: BMD, bone mineral density; FPT, fracture prevention trial; LS, lumbar spine; LS-BMD, lumbar spine-bone mineral density.
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measures and in bone biomarker values was tested by Wilcoxon 

signed rank test. The difference between teriparatide and com-

parator groups was tested by Wilcoxon rank sum test.

The difference between teriparatide and comparator 

groups in the rate of fracture from baseline to month 19 was 

analyzed by chi-squared test. The relative risk (95% CI) 

was provided. Further, we combined all study data from the 

two studies to determine the difference in fracture at endpoint 

for teriparatide versus comparator groups. The OR, 95% CI, 

and P-values were provided by simple logistic regression.

The two-sided significance level of 0.05 was used. Due 

to the exploratory nature of this analysis, no adjustments 

for multiplicity were made. Statistical comparisons were 

accomplished using SAS software (version 9.2; SAS Institute 

Inc., Cary, NC, USA).

Results
A total of 228 patients each from the Chinese study and 

the FPT were matched based on baseline characteristics 

(Figure 1). Matched patients from the Chinese study included 

148 randomized to teriparatide and 80 to calcitonin, while 

those from the FPT included 107 randomized to teriparatide 

and 121 to placebo. In the Chinese study, paired patients 

were Chinese and had a median study duration of 24.3 weeks 

(5.7  months). In the FPT, 97.8% of paired patients were 

Caucasian (1.32% East Asian and 0.88% Hispanic) and 

had a median study duration of 81.6 weeks (19.0 months). 

Except for ethnicity, baseline characteristics of Chinese and 

Caucasian patients were similar in patients selected using 

the PS method (Table 2). All P-values were .0.33 and all 

standard differences were ,10%.

Short-term efficacy (24 weeks following 
randomization)
In both the Chinese and Caucasian patients, LS-BMD in 

the teriparatide groups increased significantly compared 

with baseline (6.4% for the Chinese study and 8.6% for the 

FPT, P,0.001 in both groups) (Table 3). For the primary 

efficacy endpoint, the 24-week teriparatide treatment showed 

significantly greater increases in LS-BMD (P,0.001) for 

both absolute and percent change from baseline compared 

to either comparator (calcitonin or placebo) in both Chinese 

and Caucasian women with osteoporosis at high risk of frac-

ture. The least-squares mean (95% CI) of absolute change 

difference between the teriparatide group and the calcitonin/

placebo group were 33.9 mg/cm2 (95% CI: 22.4–45.4) in the 

Chinese study and 39.9 mg/cm2 (95% CI: 20.7–59.0) in the 

FPT (P,0.001 in both studies). The least-squares mean on 

percent change difference in LS-BMD between the teripa-

ratide group and the calcitonin/placebo group were 5.0% 

(95% CI: 3.2–6.7) in the Chinese study and 5.4% (95% CI: 

2.5–8.2) in the FPT (P,0.001 in both studies).

Biomarkers: OC and P1CP
In the Chinese study, the bone formation biomarker of 

interest was OC. In 200 out of 228 (88%) patients, the 

Figure 1 Patient flow resulting from predetermined criteria to select patients eligible for matching.
Abbreviations: cort, corticosteroid; FPT, global fracture prevention trial; ITT, intent-to-treat; PS, propensity score; RA, rheumatoid arthritis.
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OC data had been collected from baseline to week 24. 

The median of the percent change from baseline was 139% 

in the teriparatide group and -6% in the calcitonin group, 

for a significantly different magnitude of change (P,0.001). 

In the FPT, the biomarker of interest was P1CP. In 62 out of 

228 (27%) patients, the P1CP data changed from baseline to 

week 24. The median of the percent change from baseline 

was 10.1% in the teriparatide group and −3.5% in the placebo 

group. This difference was not statistically significant. The 

median values of both biomarkers increased numerically in 

the teriparatide treatment groups compare with comparators 

in both studies (Table not shown).

Short-term safety (24 weeks following 
randomization)
During the 24-week treatment period, one death was 

reported in all matched-pair patients from placebo group in 

FPT (Table 4). SAEs were reported in 4.7% of the patients 

randomized to teriparatide and 1.3% of the patients assigned 

to calcitonin in the Chinese study. For FPT, 7.5% of teripara-

tide-treated patients and 9.9% of placebo-treated patients in 

matched patients reported SAEs. The percentage of patients 

with $1 TEAE was 32.4% and 27.5% in the teriparatide 

and calcitonin groups, respectively, in the Chinese study 

(RR: 1.18; 95% CI: 0.77–1.80). In FPT, patients with $1 

TEAE were reported between 66.4% and 65.3% in the 

teriparatide and placebo groups, respectively (RR: 1.02; 

95% CI: 0.84–1.23). The adverse event of “blood uric acid 

increased” was reported in eight patients (5.4%) randomized 

to the teriparatide group but none in calcitonin group in the 

Chinese study. The adverse event of “urinary tract infection” 

was reported in seven patients from teriparatide (6.5%) and 

placebo (5.8%) groups, respectively, in the FPT. The trend 

of common TEAEs in the Chinese study was similar to that 

in the FPT in the 6-month follow-up period after randomiza-

tion. In teriparatide-treated Chinese and Caucasian patients, 

Table 2 Baseline characteristics of matched-pair patients from the Chinese study and from the FPT

Chinese study 
(N=228)

FPT  
(N=228)

P-valuea Standard difference

Age, years, mean (SD) 69.68 (6.83) 69.73 (7.02) 0.938 0.01

Weight, kg, mean (SD) 57.63 (8.74) 58.42 (8.60) 0.335 0.09

Height, cm, mean (SD) 154.00 (6.04) 154.23 (6.08) 0.681 0.04

BMI, kg/m2, mean (SD) 24.30 (3.43) 24.58 (3.52) 0.385 0.08

Alcohol use, yes, N (%) 0 (0) 0 (0) .0.999 0.00

Smoking (yes), N (%) 3.0 (1.3) 3.0 (1.3) .0.999 0.00

Previous OP medication, yes, N (%) 8 (3.5) 10 (4.4) 0.631 0.05

LS-BMD (mg/cm2), mean (SD) 723.3 (110.0) 724.1 (139.4) 0.946 0.01

Note: aP-value: two-sample t-test for continuous variable, chi-squared test for categorical variable.
Abbreviations: BMI, body mass index; FPT, fracture prevention trial; LS-BMD, lumbar spine-bone mineral density; OP, osteoporosis.

Table 3 Change in lumbar spine-bone mineral density from baseline to week 24 for matched-pair patients by treatment and by study

Chinese study FPT

Teriparatide 
(N=148)

Calcitonin 
(N=80)

Difference, least-
squares mean 
(95% CI) P-value

Teriparatide 
(N=107)

Placebo 
(N=121)

Difference, least- 
squares mean 
(95% CI) P-value

Baseline LS-BMD (mg/cm2), 
mean (SD)

730.5 (112.4) 710.0 (104.8) 722.9 (144.2) 725.2 (135.6)

Absolute value week 24 
(mg/cm2), mean (SD)c

780.2 (117.4) 714.7 (112.8) 748.1 (170.3) 738.7 (125.0)

Change from baseline (mg/cm2), 
least squares mean (95% CI)
P-valuec

44.4 (37.2–51.7)

,0.001b

10.5 (1.2–19.9)

0.028b 

33.9 (22.4–45.4)

,0.001a

57.5 (40.2–74.9)

,0.001b

17.7 (4.7–30.6)

0.009b

39.9 (20.7–59.0)

,0.001a

Percent change from baseline, 
least squares mean (95% CI)
P-valuec

6.4 (5.3–7.5)

,0.001b

1.4 (0.0–2.8)

0.046b

5.0 (3.2–6.7)

,0.001a

8.6 (6.0–11.2)

,0.001b

3.2 (1.3–5.1)

0.002b

5.4 (2.5–8.2)

,0.001a

Notes: aP-value for teriparatide vs comparator using analysis of covariance adjusting for investigator and baseline LS-BMD. bChange from baseline within each treatment arm 
was tested by paired t-test. cNumber of patients with missing data: teriparatide (Chinese) =20, calcitonin =8, teriparatide (FPT) =79, placebo =84.
Abbreviations: FPT, fracture prevention trial; LS-BMD, lumbar spine-bone mineral density. 
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similar increases in alkaline phosphatase, uric acid, and 

calcium were seen. In Chinese and Caucasian patients there 

were mild changes in phosphorus, ALT, AST, urea nitrogen, 

and creatinine that were not clinically significant.

Long-term efficacy (19 months following 
randomization)
Long-term data from matched-pair patients in FPT 

(Table 5), exhibited significantly increased mean LS-BMD 

from teriparatide treatment compared with placebo 

(P,0.001). The least-squares mean (95% CI) on absolute dif-

ference of LS-BMD between teriparatide and placebo groups 

from the baseline visit to last visit was 75.3 mg/cm2 (95% CI: 

61.4–89.2). The least-squares mean (95% CI) on percent dif-

ference was 11.5% (95% CI: 9.2–13.8). The difference in the 

number of matched FPT patients who experienced a fragility 

fracture in the long-term analysis (Table 5) was numeri-

cally less compared to placebo, but the difference was not 

Table 4 Overview of safety, laboratory values, and bone markers in matched-pair patients over 24 weeks after randomization

Preferred terma of all SAEs and TEAEs occurring 
in $4% of patients, N (%)

Chinese study FPT

Teriparatide
N=148

Calcitonin
N=80

Teriparatide
N=107

Placebo
N=121

Death 0 0 0 1 (0.8)

Patients with $1 SAE 7 (4.7) 1 (1.3) 8 (7.5) 12 (9.9)

Patients with $1 TEAE 48 (32.4) 22 (27.5) 71 (66.4) 79 (65.3)

Dizziness 10 (6.8) 3 (3.8) 9 (8.4) 7 (5.8)

Blood uric acid increased 8 (5.4) 0 0 0 

Muscle spasms 8 (5.4) 4 (5.0) 2 (1.9) 2 (1.7)

Blood alkaline phosphatase increased 6 (4.1) 1 (1.3) 0 0 

Nasopharyngitis 6 (4.1) 2 (2.5) 2 (1.9) 2 (1.7)

Nausea 6 (4.1) 0 6 (5.6) 5 (4.1)

Pain in extremity 6 (4.1) 2 (2.5) 2 (1.9) 3 (2.5)

Arthralgia 4 (2.7) 1 (1.3) 4 (3.7) 9 (7.4)

Back pain 4 (2.7) 0 5 (4.7) 6 (5.0)

Headache 3 (2.0) 2 (2.5) 2 (1.9) 6 (5.0)

Asthenia 2 (1.4) 0 5 (4.7) 3 (2.5)

Urinary tract infection 0 0 7 (6.5) 7 (5.8)

Mean (SD)/median change from baseline to week 24 for laboratory values and bone markers

Alkaline phosphatase, U/Lb 24.82 (30.37)
19.00*,**

−3.76 (14.66)
−3.45*

12.23 (19.89)
8.00*,**

0.30 (13.43)
1.00

Serum calcium, mmol/Lb 0.08 (0.20)
0.08*,**

−0.03 (0.16)
−0.01

0.08 (0.15)
0.08*,**

−0.01 (0.10)
−0.02

Inorganic phosphorus, mmol/Lc 0.05 (0.19)
0.05*,**

−0.06 (0.17)
−0.05*

−0.01 (0.17)
0.00

0.02 (0.16)
0.02

ALT/SGPT, U/Lb −0.93 (21.07)
−0.10

0.99 (7.86)
0.00

0.21 (12.09)
0.00

−0.25 (8.62)
1.00

AST/SGOT, U/Ld 3.00 (19.40)
1.00

3.93 (9.18)
1.85*

−0.71 (7.87)
−1.00*

−1.11 (8.31)
0.00

Urea nitrogen, mmol/Le 0.24 (1.53)
0.41*

0.06 (1.47)
0.17

0.23 (1.44)
0.20*,**

−0.19 (1.20)
–0.20

Creatinine, µmol/Lb 0.17 (10.88)
1.00

−1.87 (12.55)
−0.50

0.19 (8.67)
0.00

−0.06 (7.02)
0.00

Uric acid, µmol/Lb 62.55 (73.20)
59.00*,**

2.86 (58.7)
1.50

56.96 (44.89)
53.53*,**

0.10 (34.56)
−4.00

Notes: aMedDRA (version 12.0). bNumber of patients with missing data: teriparatide (Chinese) =19, calcitonin =8, teriparatide (FPT) =10, placebo =4. cNumber of patients 
with missing data: teriparatide (Chinese)  =21, calcitonin  =10, teriparatide (FPT)  =10, placebo  =4. dNumber of patients with missing data: teriparatide (Chinese)  =20, 
calcitonin =8, teriparatide (FPT) =10, placebo =4. eNumber of patients with missing data: teriparatide (Chinese) =21, calcitonin =8, teriparatide (FPT) =10, placebo =4. 
*P,0.05 difference from baseline using Wilcoxon signed rank test. **P,0.05 teriparatide vs comparator using Wilcoxon rank sum test.
Abbreviations: ALT/SGPT, alanine aminotransferase/serum glutamic pyruvic transaminase; AST/SGOT, aspartate aminotransferase/serum glutamic oxaloacetic transaminase; 
FPT, fracture prevention trial; SAE, serious adverse event; TEAE, treatment emergent adverse event; MedDRA, Medical Dictionary for Regulatory Activities.
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statistically significant: teriparatide 14/107, (13.1%); placebo 

27/121, (22.3%); RR: 0.59; 95% CI: 0.32–1.06; P=0.070.

In an analysis of fracture incidence during the 19-month 

study duration in the entire FPT population (N=1,053), the 

OR (95% CI) for fracture between the teriparatide and pla-

cebo groups was (OR: 0.43; 95% CI: 0.30–0.61; P,0.001). 

Over 24 weeks, there were very few fractures in the entire 

population of the Chinese study (N=325), which is incon-

clusive given the short duration of the study. However, after 

a pooled analysis of the 6-month Chinese study and the 

19-month FPT, the OR (95% CI) for fracture between teripa-

ratide and comparator groups in the full analysis set from 

both studies (N=1,378) was (OR: 0.36; 95% CI 0.25–0.51; 

P,0.001).

Discussion and conclusion
Teriparatide is a recombinant form of the parathyroid hor-

mone that has been shown to decrease the risk of vertebral 

and nonvertebral fractures, increase bone mineral density, 

and have only minor side effects over a median treatment 

period of 19 months in a large international study of post-

menopausal women with osteoporosis.15 Whether the short- 

and long-term results from this study can be extrapolated 

to a Chinese population was not known; in particular, the 

long-term effects of teriparatide on bone mass and fracture 

risk were not studied. In the present analysis, we compared 

results from a 24-week osteoporosis study in China to the 

FPT and found that data from matched-pair patients with 

osteoporosis from the two studies showed similar increases 

in least-squares mean of LS-BMD following 24 weeks of 

teriparatide treatment, and have a similar rate of TEAEs, 

SAEs, and change from baseline in specific laboratory values. 

The FPT showed a median treatment duration of 19 months, 

which is three times larger than that of the Chinese study and 

provided important information on further changes in LS-

BMD and the rate of fracture in the long-term. These results 

suggested that long-term results of the FPT could reasonably 

be extrapolated to a Chinese population.

There are known ethnic and racial differences in the 

incidence of osteoporosis and osteoporotic fractures through-

out the world.16,17 In addition, genetic variability related to 

ethnicity is one factor that accounts for the observed differ-

ences in both pharmacokinetics and pharmacodynamics of 

drugs, resulting in variability in response to drug therapy.18–20 

Bridging studies exist to allow safe approval of drugs in eth-

nically different nations without duplicating research efforts. 

This study utilized bridging methodology developed by the 

ICH, a body that brings together regulatory authorities of 

Europe, Japan, and the United States, and experts from the 

pharmaceutical industry in the three regions. The ICH E5 

guidelines were introduced in 1998 and, except for the devel-

opment of Bayesian statistical methods to assess the degree 

of similarity, have remained unchanged since that time.

On comparing increase in LS-BMD after 24 weeks of 

teriparatide 20 µg in Chinese and Caucasian patients, we 

found that both had significant (P,0.001) increases com-

pared to their comparator (calcitonin/placebo). Teriparatide 

is known to improve LS-BMD over time21 and the increases 

were of a similar magnitude (5.0% in Chinese vs 5.4% in 

Caucasian) and were consistent with results from the entire 

Table 5 Analysis of lumbar spine-bone mineral density and fragility fracture prevalence at endpoint (median 19.0 months) for patients 
from the FPT selected for matching

Teriparatide
N=107

Placebo
N=121

Difference, least-squares 
mean or OR plus (95% CI)
P-valuea

Baseline LS-BMD (mg/cm2), mean (SD) 722.9 (144.2) 725.2 (135.6)

Value at last visit in FPT (mg/cm2), Mean (SD)c 798.9 (143.1) 727.8 (144.2)

Absolute change from baseline (mg/cm2), 
least-squares mean (95% CI)
P-valueb,c

84.2 (72.8, 95.5)

,0.001

8.9 (−1.1, 18.9)

0.081

75.3 (61.4, 89.2)

,0.001d

Percent change from baseline, least-squares 
mean (95% CI)
P-valueb,c

12.7 (10.8, 14.6)

,0.001

1.2 (−0.5, 2.9)

0.158

11.5 (9.2, 13.8)

,0.001d

Fragility fracture, N (%)

Yes 14 (13.1) 27 (22.3) 0.59 (0.32, 1.06)
0.070e

No 93 (86.9) 94 (77.7)

Notes: aP-value tested by analysis of covariance adjusting for investigator and baseline LS-BMD and chi-squared test for rates of fracture. bP-value tested by paired t-test. 
cNumber of patients with missing data: teriparatide =9, placebo =5. dLeast squares mean difference of teriparatide vs placebo. eOR of teriparatide vs placebo.
Abbreviations: FPT, fracture prevention trial; LS-BMD, lumbar spine-bone mineral density.
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population of each study (5.0% at 24 weeks in the Chinese 

study and 9.7% at 19 months for the FPT). In a Japanese 

teriparatide bridging study, which compared 203 patients 

from a phase III randomized clinical trial to patients in the 

FPT, the difference between the teriparatide 20 µg group 

and the placebo group in the percent change in LS-BMD 

from baseline to 12  months was 10.20% in the Japanese 

study and 7.41% in the FPT, thereby confirming superiority 

of teriparatide 20 µg to placebo in both studies.22 Likewise, 

increase in LS-BMD was shown in a systematic review of 

ten randomized clinical trials of teriparatide 20 μg for bone-

related conditions from China, Hong Kong, Japan, Republic 

of Korea, Philippines, Singapore, and Taiwan.23 Efficacy data 

was mainly taken from randomized clinical trials for treat-

ment of postmenopausal osteoporosis and percent change in 

LS-BMD increased with increasing duration of treatment, 

from 4.3% at 24 weeks of treatment to greater than 10% 

at 18–24  months of treatment. This review provided an 

appraisal of the few long-term studies of teriparatide avail-

able in Asian patients.

Safety over 24 weeks was similar in the Chinese study 

and the FPT. Teriparatide was well tolerated and the only 

death was reported from the placebo group.11 SAEs occurred 

infrequently and individual SAEs tended to occur singularly. 

TEAEs were twice as likely to occur in FPT patients as in 

patients from the Chinese study. However, the similarity 

between relative risks for teriparatide versus comparator in 

both the Chinese trial and the FPT suggests that the differ-

ences in TEAE rates between studies may reflect differences 

in reporting systems, rather than differences in the action of 

the drug between ethnic groups. The changes in laboratory 

values from baseline following teriparatide treatment that 

were seen in both studies have been well documented in prior 

teriparatide trials.24 Teriparatide has been shown to induce 

modest but transient increases in serum calcium, which is 

consistent with the known effects of endogenous parathyroid 

hormone (PTH), and no unexpected safety findings were 

observed in patients who experienced hypercalcemia during 

treatment with teriparatide. The increase of alkaline phos-

phatase, calcium, and uric acid demonstrate pharmacologic 

response of teriparatide (similar to PTH) in both Chinese and 

Caucasian patients. Phosphorus had a clinically insignificant 

increase at week 24 in the Chinese study but not in the FPT. 

Also, the observed increases in both calcium and uric acid 

have been documented in the product insert and no nephro-

lithiasis was reported in either study. Both studies showed 

an increase in bone formation biomarkers reflecting bone 

formation over 12 weeks.

For the long-term analysis of paired patients in the FPT, 

the P-value for fracture reduction compared with placebo 

was 0.070. The result was not significant, primarily because 

after matching, the sample size was markedly reduced. In this 

study, the proportion of matched patients from the FPT with 

fracture was 13.1% for teriparatide and 22.3% for placebo. 

Assuming there were roughly 120 patients in each study arm, 

the power to detect the statistically significant difference 

between two arms was 47%.

Patients utilized in this comparison were chosen through 

a PS matching method. At baseline, patients selected by 

matching from the Chinese teriparatide study and the global 

FPT looked very similar, with no significant differences for 

standard baseline characteristics thought to be risk factors 

of osteoporosis that may influence the disease outcome 

(duration of osteoporosis, body mass index, etc). This met 

our expectations and suggested that we had created a model 

for PS matching that had successfully selected two groups 

of patients who were balanced in most of the risk factors 

except for ethnicity. However, the PS method only controls 

observed variables. Any hidden bias due to latent variables 

may remain.

These studies had two different comparators: placebo 

and calcitonin. Calcitonin is a weak antiresorptive agent; 

for example, at the end of 1  year, calcitonin 200 IU/day 

increased LS-BMD by ,1.5%,25 which is below the sensi-

tivity of the test (estimated at 3%). In our 24-week study, 

LS-BMD increased 1.4% after 6 months of calcitonin 200 IU 

(compared with 6.5% in the teriparatide group). These dif-

ferences seen with calcitonin treatment were minimal and 

would only marginally affect the results of this comparison.

A limitation of the current study was that the pharmaco-

kinetics of teriparatide in these matched-pair patients were 

not compared because such parameters were not evaluated 

in the Chinese study as would be optimal per ICH E5 

guidelines. A literature search revealed that a pharmaco-

kinetic analysis of teriparatide had not been performed in 

Chinese versus Caucasian population. However, the phar-

macokinetics of the 20 µg dose was evaluated in 9 healthy 

Chinese volunteers26 and similar findings were obtained in 

a subgroup of 360 global patients from the FPT in whom 

pharmacokinetic parameters were measured.27 According 

to the package insert, teriparatide 20  µg, once daily has 

high bioavailability (~95%), rapid onset (~30 minutes), and 

short exposure (t
1/2

 of 1 hour)24 and these pharmacokinetic 

properties would not be expected to reduce drug avail-

ability in different ethnic groups. Tsujimoto et al analyzed 

data from healthy Japanese and Caucasian women with 
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postmenopausal osteoporosis.22 This study compared results 

from the FPT to results from three Japanese studies, one 

of which included pharmacokinetic data. Findings from 

this bridging study concluded that there were no major 

differences in bodyweight-adjusted pharmacokinetics of 

teriparatide in Japanese patients and patients in the FPT. 

Chinese and Japanese populations feature similar regional 

geography and similar genes encoding drug-metabolizing 

enzymes and transporters.28 It may be reasonable to assume 

that they would have similar pharmacokinetic characteristics 

for teriparatide and, by extension, that pharmacokinetic 

parameters in Chinese patients would be similar to those 

of patients in the FPT.

Results of this analysis help fill the gap created by the 

lack of data from long-term head-to-head studies of teripara-

tide versus comparator in Chinese postmenopausal women. 

Weaknesses of this study include use of different compara-

tors in the Chinese study (calcitonin) and the FPT (placebo), 

though at 24 weeks, calcitonin has been shown to have a 

placebo-like effect on LS-BMD in this population.29 In addi-

tion, the dose–response data were limited, and assumptions 

were made based on existing data in similar populations. 

We estimated the relative risk of teriparatide compared with 

comparator; however, we could not estimate the absolute 

risk, as there are different fracture rates in Chinese and 

Caucasian patients. Moreover, long-term Chinese fracture 

and safety data is desired to validate the findings from the 

bridging study.

In conclusion, this bridging study of patients with osteo-

porosis from two separate trials is the first one to compare 

Chinese and Caucasian populations. It showed similar 

increases in LS-BMD in Chinese and Caucasian patients 

following 24 weeks of therapy with teriparatide 20 µg daily. 

This analysis, which conforms to ICH E5 guidelines, sug-

gests that it might be reasonable to extrapolate the 19-month 

fracture results of the FPT to Chinese patients. Thus, long-

term treatment with teriparatide would be expected to help 

reduce the risk of new fractures in Chinese women at a rate 

similar to that seen in other ethnic groups.

Compliance with ethical standards
Per the original publications for the Chinese study and the 

FPT, both had been approved by the appropriate institutional 

and/or national research ethics committee and had been per-

formed in accordance with the ethical standards as laid down 

in the 1964 Declaration of Helsinki and its later amendments 

or comparable ethical standards. The patient consent forms 

were collected in both trials. For this post-hoc analysis by 

using existing data from the two original trials for research 

purpose, new formal consent is not required.
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