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Abstract: Teriparatide is the first anabolic agent for osteoporosis, and this analysis aimed
to understand responses to teriparatide in Chinese patients with established osteoporosis in
subgroups. In this Phase III study of teriparatide in China, 362 patients were randomized at
a 2:1 ratio to receive subcutaneous teriparatide (20 pg/day) or intranasal salmon calcitonin
(200 IU/day) for 24 weeks. Teriparatide treatment produced a significantly greater increase in
lumbar spine bone-mineral density (LS-BMD) in postmenopausal women than calcitonin at
the 24-week end point. The relationship between osteocalcin (OCN) and LS-BMD was evalu-
ated, and the greatest correlation was found between absolute OCN change at week 12 and
percentage change in LS-BMD for patients in the teriparatide group (#=0.24, P<<0.001). The
correlation weakened at week 24 (r=0.16, P=0.02) and was negligibly negative for calcitonin-
treated patients. Proportions of patients achieving >10 pg/L absolute OCN change from baseline
in the teriparatide- and calcitonin-treated groups were 81% and 6% at week 12, respectively
(P<<0.001). Proportions of patients with increased LS-BMD =3% at week 24 from baseline
were 71% and 35% in the teriparatide- and calcitonin-treated groups, respectively (P<<0.001).
Proportions of patients meeting both criteria were 63% for the teriparatide group and 1% for the
calcitonin-treated group (P<<0.001). Subgroup analysis suggested that significant increases in
LS-BMD and OCN can be achieved in patients receiving teriparatide, regardless of baseline age,
LS-BMD, and fracture times. The rate of treatment-emergent adverse events in each subgroup
was similar to the overall analysis.
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Introduction
Osteoporosis is a chronic metabolic bone disease that has a great impact on China,
which has the largest elderly population in the world. Li et al showed that the total
prevalence of osteoporosis in Chinese over 40 years old was 16.1% and the preva-
lence rate 11.5% and 19.9% among males and females, respectively.' The incidence
of fragility fractures increases markedly with age, and more than half of women and a
third of men will experience osteoporotic fractures during their lives.? In a study of the
osteoporosis-related fractures in China for 2010-2050, it was estimated that fracture
numbers will reach 6 million in 2050, with total treatment costs of US$9.45 billion in
2010 and estimated to reach $25.43 billion by 2050.}

Teriparatide is an anabolic agent* that stimulates osteoblast maturation and function,
which in turn activate osteoclasts, thus rebalancing bone formation and resorption.’
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Although there are a lot of published clinical studies on the
efficacy of teriparatide, very few have studied response to
the drug in Chinese patients.**’

It takes about 12 months or more to reflect bone-mineral
density (BMD) changes to show efficacy after therapy in men
and women.*%’ Bone-turnover marker changes may predict
anabolic treatment efficacy earlier than BMD. There are data
suggesting a relationship between procollagen I N-terminal
peptide (PINP) and BMD in Western countries.®'° As another
marker of bone formation, osteocalcin (OCN) may also
indicate the efficacy of anabolic medicines in early stages
of treatment.!" However, the clinical relevance of changes
in OCN and BMD remains unclear. There are limited data
on the relationship between OCN and BMD during ana-
bolic therapy. It is also important to understand response
to teriparatide in different Chinese patients with respect to
baseline characteristics. To gain a better understanding of
this, post hoc analysis was performed to explore the clinical
significance of a change in OCN with BMD and whether
teriparatide is efficacious within different subgroups.

Materials and methods
Study design and participants

Ethical review boards at each center approved the study, and
patients gave written informed consent to participate. The study
design for the Chinese teriparatide efficacy and safety trial has
previously been published.!? Briefly, the trial was an open-
label, multicenter, active-comparator, randomized Phase 111
study (ClinicalTrials.gov identifier NCT00414973) aimed to
examine the efficacy, safety, and tolerability of teriparatide
in the Chinese population. The subject sample comprised
Chinese men and postmenopausal women with established
osteoporosis (at least one fracture in the lumbar spine [LS]
and BMD T-score =2.5). Those who met protocol criteria
were randomized 2:1 to teriparatide (20 pg/day) and salmon
calcitonin (200 IU/day), self-administered by subcutaneous
injection for up to 24 weeks. All patients received approxi-
mately 500-650 mg/day elemental calcium and 200 to 400
[U/day vitamin D supplementation. The treatment-compliance
rate for teriparatide was greater than 97%, and there was no
difference between the two treatment groups. This post hoc
analysis was performed using the trial database.

Outcome measures

LS-BMD was measured at baseline and week 24 by dual-
energy X-ray absorptiometry using Hologic (Marlborough,
MA, USA), Lunar (GE 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.
The following standardization methodology was used:"

e for Hologic instruments: SBMD (mg/cm?) = 1,000 [1.091 X

BMD,, ... =~ 0.016]

e for Lunar instruments: sSBMD (mg/cm?) = 1,000
[BMD, —0.0552]

e for Norland instruments: SBMD (mg/cm?)= 1,000 [1.005 x
BMD, . . +0.07]

As a biochemical marker of bone formation, OCN was
measured at baseline, week 12, and week 24. Due to the inher-
ent liability of OCN, all samples were tested at the National
Center for Clinical Laboratories using an Elecsys 2010 immu-
noassay analyzer (Hoffman-La Roche, Basel, Switzerland) to
ensure consistency of methods. To ensure accurate, complete,
and reliable data, interlaboratory-standardization methods
and quality-assurance procedures were applied. Investigators
had to document their review of each laboratory report.
During the study, adverse events (AEs) were collected at
every visit. Treatment-emergent AEs (TEAEs) were defined
as any event reported after the beginning of the treatment that
was worse in severity than at baseline.

Statistical analyses

Statistical analyses of this post hoc analysis were based on
the intent-to-treat population. All tests were two-tailed with a
significance level of 0.05. As for changes in OCN, Wilcoxon
rank-sum tests were applied to compare differences between
the teriparatide- and calcitonin-treatment groups. Wilcoxon
signed-rank tests were performed to compare OCN change
within treatment groups. Analysis of covariance (ANCOVA)
adjusting for investigator and baseline LS-BMD was used to
test treatment difference on percentage change in LS-BMD
from baseline to week 24. Spearman ranked correlations were
used to test the correlation between OCN and LS-BMD, and
correlation coefficients and P-values are provided.

To determine the best cutoff point of absolute OCN
change at week 12 to predict week 24 LS-BMD, sensitivity,
specificity, and accuracy were calculated. As an exploratory
analysis, cutoff points of 0, 5, 10, 15, 20, 25, 30, 35, 40, 45,
and 50 pg/L were tested and responses defined as percentage
change in LS-BMD =3% at week 24. Fisher’s exact test was
used to assess the two treatment groups on percentages of
patients achieving OCN increases >10 ng/L and LS-BMD
increases =3%.

Subgroup categories were age (<75 or =75 years old),
baseline LS-BMD (= median or > median), and baseline
fractures (one or more). For subgroup analyses, ANCOVAs
adjusting for investigator and baseline LS-BMD were
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used to test treatment differences in percentage change in
LS-BMD between the teriparatide- and calcitonin-treated
groups. Adjusted mean differences and 95% Cls are pre-
sented. For analysis of the bone marker OCN, where results
can deviate significantly from the normality assumption,
ranked ANCOVA adjustment for investigator and baseline
OCN was used to test the treatment-difference percentage
change in OCN. The proportion of patients with any TEAE
was compared within subgroups using logistic regression.
Adjustments for multiplicity were not made, due to the
exploratory purpose. All subgroup analyses were based on
24-week data and performed using SAS version 9.2 (SAS
Institute, Cary, NC, USA).

Results

Demographic and baseline clinical
characteristics

A total of 362 patients were included in this post hoc analysis.
Table 1 summarizes the baseline demographic character-
istics of all intent-to-treat patients, shown separately for
the teriparatide- and calcitonin-treated groups. Baseline
characteristics between the two treatment arms were similar.

Relationship between OCN and LS-BMD

Serum OCN increased significantly after teriparatide
treatment (Table 2). Compared to baseline, OCN was

Table | Patient demographics and baseline characteristics

Characteristic Teriparatide CCT
(n=242) (n=120)
Age (years), mean (SD) 69 (7.1) 67.8 (7.6)
=75, n (%) 50 (20.7%) 22 (18.3%)
<75,n (%) 192 (79.3%) 98 (81.7%)
Weight (kg), mean (SD) 55.3 (9.3) 57.8 (9.5)
Female, n (%) 218 (90.1%) 109 (90.8%)
BMI (kg/m?), mean (SD) 23.2 (3.4) 24 (3.6)
Duration of osteoporosis (years), 3.5(5.1) 3(4)
mean (SD)
Menopausal years for females, 19.8 (7.6) 18.5 (8.42)
mean (SD)*
LS-BMD (mg/cm?), mean (SD)® 713.9 (116.9) 7199 (111)
= Median, n (%) 126 (53.2%) 50 (43.5%)
> Median, n (%) 111 (46.8%) 65 (56.5%)
Total hip BMD (mg/cm?), 664.7 (115.1) 694.9 (109.6)
mean (SD)¢
Vertebral fracture, n (%) 150 (62%) 68 (56.7%)
Baseline fracture (time)
>1,n (%) 40 (16.5%) 14 (11.7%)
I, n (%) 202 (83.5%) 106 (88.3%)

Notes: “Teriparatide 218, CCT 109; teriparatide 237, CCT | |5; teriparatide 241,
CCT I19.

Abbreviations: CCT, calcitonin; BMI, body-mass index; LS-BMD, lumbar spine
bone-mineral density.

significantly increased at week 12 (median of absolute
change and percentage change at week 12 were 22.3 ug/L
and 113%, P<<0.001) after teriparatide treatment and con-
tinued to increase at week 24 (median of absolute change
and percentage change at week 24 were 29.2 pug/L and
135%, P<<0.001). In the calcitonin-treated group, OCN was
decreased at week 12 and 24 from baseline. The differences
between the two treatment arms were statistically significant
(P<0.001).

At week 24, LS-BMD had increased significantly
from baseline for those patients taking teriparatide (mean
percentage change = SEM 6.28%10.45%, P<<0.0001).
There was a slight but statistically significant LS-BMD
increase in the calcitonin-treatment group (mean percentage
change + SEM 1.92%0.61%, P=0.0018). The elevation in
the teriparatide treatment group was greater (£<<0.0001).

Based on these analyses, the correlation between change
in OCN and percentage change in LS-BMD at week 24 was
assessed (Table 3). Significant positive correlations were
observed in the teriparatide-treated group between base-
line OCN, absolute OCN change at week 12/24, percent-
age OCN change, and percentage change in LS-BMD at
week 24 (P<<0.05). Absolute changes in OCN at week 12 and
LS-BMD at week 24 showed the highest correlation (7=0.24,
P<0.001) (Table 3). In the calcitonin-treated group, there
was no significantly positive correlation between OCN and
LS-BMD at week 24.

Since the absolute change in OCN at week 12 was highly
correlated with LS-BMD response at week 24, a series of
cutoff points were tested, and three (0, 5, and 10 pg/L) with
accuracy >0.7 are listed (Table 4). The sensitivity of each
selected cutoff point was >0.88. Specificity was highest
(0.317) among the three listed candidate cutoff points
when using a week 12 OCN absolute-change cutoff value
of 10 ng/L.

Proportions of patients achieving more than 10 pg/L
absolute OCN change from baseline in the teriparatide- and
calcitonin-treated groups were 81% and 6% at week 12,
respectively (P<<0.001). Proportions of patients with LS-
BMD increase =3% at week 24 from baseline were 71%
and 35% in the teriparatide- and calcitonin-treated groups,
respectively (P<<0.001). Proportions of patients meeting both
criteria were 63% for the teriparatide group and 1% for the
calcitonin-treated group (P<<0.001) (Table 5).

Subgroup analyses of efficacy and safety

Subgroup analyses were performed to assess the difference
in OCN and LS-BMD changes between the two treatment
arms in each subgroup of osteoporosis patients. Teriparatide
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Table 2 Absolute and percentage changes in OCN at weeks |2 and 24

Week 12 Week 24
Teriparatide CCT P-value, teriparatide Teriparatide CCT P-value, teriparatide
(n=242) (n=120) vs CCT= (n=242) (n=120) vs CCT*

Number of patients 223 113 212 108

Baseline OCN (ug/L), median 20.1 20.3 20 19.9

OCN at week (ug/L), median 44.1 19.2 49.1 17.5

Absolute change (ug/L), median 22.3 —-1.34 <0.001 29.2 -2.1 <0.001

Percent change, median 113 -7.5 <0.001 135 =11 <0.001

P-value, absolute change from baseline® <0.001 0.04 <0.001 <0.001

P-value, percentage change from baseline® <<0.001 0.22 <0.001 0.002

Notes: *Wilcoxon rank-sum test; ®Wilcoxon signed-rank test.
Abbreviations: OCN, osteocalcin; CCT, calcitonin.

treatment resulted in a significant increase on LS-BMD and
OCN within all the subgroups compared with calcitonin
treatment (P<<0.05). Within each subgroup, patients on
teriparatide experienced more TEAEs compared with the
calcitonin-treated group, and the OR estimate was 1.17-2.86.
Subgroup analyses of efficacy and safety of teriparatide vs
calcitonin by baseline age, baseline LS-BMD, and baseline
fracture times are summarized in Table 6.

Discussion

This is the first analysis showing OCN changes in Chinese
osteoporotic patients using teriparatide. OCN is a protein
produced by osteoblasts and incorporated into the bone
matrix. It is also released into the circulation from the matrix
during bone resorption. There have been discussions on
whether OCN is a marker of bone formation or an aspecific
bone-turnover marker.'* OCN is positively related to risk
of hip fracture, and may be a prediction factor of fracture
independently of BMD." In this analysis, we explored
the correlation between OCN change and LS-BMD in a
teriparatide-treated group, which was statistically significant
positively. This result may provide support for using OCN
as a marker of bone formation. A combination of OCN and
LS-BMD assessment in risk evaluation of osteoporosis has

Table 3 Correlation between OCN and LS-BMD

been propagated by researchers outside China.'®!” This post
hoc analysis is the first of its kind to analyze the correlation
between OCN and BMD changes for Chinese patients
with osteoporosis. Absolute OCN change at week 12 had
the most significant correlation with percentage change
in LS-BMD for patients in the teriparatide group (r=0.24,
P<0.001) (Table 3). The correlation weakened at week 24
(r=0.16, P=0.02) and was negligibly negative for patients
taking calcitonin. A cutoff OCN value of 10 pg/L showed
relatively high accuracy (71.8%), sensitivity (88.4%), and
specificity (31.7%) in predicting the change of LS-BMD
at week 24 (Table 4). As such, 10 pg/L was applied in
further exploratory analyses as a cutoff value. Proportions
of patients with an increase in OCN >10 ug/L at week 12
and an increase in LS-BMD =3% at week 24 were 63%
in the teriparatide group patients and 1% in the calcitonin
group (P<<0.001). OCN is the main noncollagenous bone
protein, and its expression is stimulated by calcitriol and
inhibited by glucocorticoids.'®!" Lasco et al reported treat-
ment with teriparatide increased plasmatic and urinary
levels of cortisol after 6 and 12 months in their study.?® The
change reached significance after 12 months compared with
baseline and control. In vitro and in vivo experimental data
suggest that teriparatide and teriparatide-related peptide

Percentage change in LS-BMD at week 24

Teriparatide (n=242) CCT (n=120)

n r P-value® n r P-value®
Baseline OCN 207 0.21 0.002 105 0.05 0.58
Absolute OCN change at week 12 206 0.24 <0.001 104 -0.16 0.1
Absolute OCN change at week 24 207 0.16 0.02 103 -0.18 0.07
% OCN change at week 12 206 0.14 0.04 104 —0.17 0.08
% OCN change at week 24 207 0.07 0.31 103 —-0.20 0.04

Note: *Spearman ranked correlation was used to test the association between OCN and LS-BMD.
Abbreviations: OCN, osteocalcin; LS-BMD, lumbar spine bone-mineral density; CCT, calcitonin.
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Table 4 OCN cutoff points

OCN-change cutoff Sensitivity  Specificity = Accuracy
point at week 12 (ug/L)

0 0.986 0.1 0.728
5 0.938 0.183 0.718
10 0.884 0.317 0.718

Notes: Sensitivity (TP rate) = TP/(TP + FN); specificity (TN rate) = TN/(TN + FP);
accuracy (correct-assessment rate) = (TN + TP)/(TN + TP + FN + FP). Only cutoff
points with accuracy >0.7 presented.

Abbreviations: OCN, osteocalcin; TP, true positive; FN, false negative; TN, true
negative; FP, false positive.

P-value
0.181
0.056
0.67
0.008
0.169
0.066

OR (95% CI)
2.32 (0.68-7.94)
1.73 (0.99-3.03)
117 (0.57-2.37)
2.86 (1.31-6.24)
271 (0.65-11.24)
1.67 (0.97-2.9)

increase secretion of both aldosterone and cortisol from
human adrenocortical cells. A direct secretagogue effect
of teriparatide on adrenals in osteoporotic postmenopausal

TEAE rate (teriparatide vs CCT)©

Teriparatide
vs CCT (%)
34vs 182
333vs 224
33.3vs 30
342 vs 154
42.5vs 21.4
31.7vs 21.7

women has also been reported.?® It is possible that OCN
secretion is inhibited by adrenal hormones, especially glu-
cocorticoids, thus weakening the correlation with BMD after

P-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

12 weeks. Niimi et al reported using an 80 pg/L increase
in PINP as a predictor of a 10% increase in LS-BMD with
teriparatide therapy for 12 months, and two-thirds of patients
were in line with this judgment.?! Our results show that the
early response to OCN for subjects on teriparatide can predict
the late response of LS-BMD, which has a high degree of
consistency with PINP.

In addition, changes in LS-BMD, OCN, and TEAE
occurrence between teriparatide and calcitonin treatment

OCN percentage change
(teriparatide vs CCT)®

Median (QI, Q3)
195.87 (111.2, 302.57) vs
—5.69 (-21.69, 3.08)
122.45 (66.28, 231.5) vs
—11.88 (-26.57, 7.33)
129.09 (72.54, 250.47) vs
—8.96 (—29.38, 10.53)
134.66 (69.02, 257.65) vs
—12.4 (-25.56, 3.14)
94.94 (70.04, 240.99) vs
—4.23 (—30.78, 23.24)
137.18 (74.34, 256.66) vs
—11.88 (-25.56, 5.17)
Notes: "ANCOVA adjusting for investigator, baseline LS-BMD, and treatment; ®rank ANCOVA adjusting for investigator, baseline OCN, and treatment; “logistic regression.

were assessed to investigate efficacy and safety within sub-
groups. Changes in LS-BMD and OCN between teriparatide

P-value
<0.001
<0.001
<0.001
<0.001

and calcitonin within defined subgroups were significant.

0.003
0.04

TEAE rates within each subgroup were similar to the over-
all analysis. The response to teriparatide is independent of
age, initial BMD, and prevalent vertebral fractures.’> The

Table 5 Proportion of patients achieving OCN increases
>10 pg/L and LS-BMD change =3%

LS-BMD percentage change
(teriparatide vs CCT)*

LSM difference

(95% CI)

5.82 (2.11-9.54)

4 (2.36-5.64)

4.96 (2.29-7.63)

3.93 (2.53-5.32)

4.98 (0.25-9.71)

4.21 (2.68-5.75)

Teriparatide CCT P-value®
(n=242) (n=120)
Week 12 OCN absolute 181/223 (81)  7/113 (6) <0.001
change >10 ug/L, n (%)
Week 24 OCN absolute 172/212 (81)  3/108 (3) <0.001
change >10 ug/L, n (%)
Week 24 change in 147/207 (71)  37/105 (35) <<0.001
LS-BMD =3%, n (%)
Week 12 OCN absolute 130/206 (63) 17104 (1) <0.001
change >10 pg/L and week 24
change in LS-BMD =3%, n (%)
Week 24 OCN absolute 118/207 (57) 17103 (1) <0.001
change >10 ug/L and week 24
change in LS-BMD =3%, n (%)
Note: “Fisher’s exact test.

Abbreviations: OCN, osteocalcin; LS-BMD, lumbar spine bone-mineral density;
CCT, calcitonin.

Abbreviations: LS-BMD, lumbar spine bone-mineral density; CCT, calcitonin; OCN, osteocalcin; TEAE, treatment-emergent adverse event; LSM, least squares mean; ANCOVA, analysis of covariance.

Table 6 Subgroup analysis of efficacy and safety
One baseline fracture (teriparatide 202, CCT 106)

Age =75 years (teriparatide 50, CCT 22)

<75 years (teriparatide 192, CCT 98)

LS-BMD = median (teriparatide 126, CCT 50)
LS-BMD > median (teriparatide || I, CCT 65)
Baseline fractures >1 (teriparatide 40, CCT 14)

Baseline characteristics (n)
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published results may also extrapolate to Chinese patients,
based on our research data that teriparatide is well tolerated
and efficacious in Chinese patients with different baseline
characteristics.

Several limitations deserve mention. First, the treatment
period was 24 weeks, and OCN change at week 4 was not
tested. However, we found a similar increasing trend in
bone-formation biomarkers at week 12 to other research.?
Second, asymptomatic vertebral compression changes were
not collected. As there were no new clinical fractures in the
teriparatide group and only one subject had a phalangeal
fracture, the relationship between fracture and changes in
BMD or OCN was not analyzed. In addition, no other bio-
markers (such as PINP, bone ALP, C-terminal telopeptide)
were evaluated.

In conclusion, an increase in OCN >10 pg/L at week 12
might be clinically relevant in predicting the efficacy of
daily subcutaneous injection of 20 g teriparatide in increas-
ing LS-BMD level at week 24. Within each subgroup,
teriparatide was tolerable and significantly increased both
LS-BMD and OCN. TEAEs within all subgroups were
consistent with the overall analyses. These results may
support the observation that teriparatide stimulates bone
formation in patients with osteoporosis and that OCN is a
promising biomarker to monitor the response to teriparatide
therapy.
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