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Eighteen months of teriparatide treatment

leads to improvement of bone mineral density
and trabecular bone score in patients with
glucocorticoids induced osteoporosis: the results
from prospective follow-up (registry OSTEO.sk)

18-mesacna liecba teriparatidom zlepsuje u pacientov

s glukokortikoidmi indukovanou osteoporézou hodnoty hustoty
kostného mineralu a trabekularne kostné skére: vysledky
prospektivneho sledovania (register OSTEO.sk)
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Abstract

Introduction: Glucocorticoid therapy results in a rapid loss of bone mineral density (BMD) and glucocorticoid-in-
duced osteoporosis (GIOP) is the most frequent and severe form of secondary osteoporosis. Teriparatide (TPTD)
treatment of postmenopausal women with osteoporosis significantly increases cancellous bone volume and co-
nnectivity, improves trabecular morphology with a shift toward a more plate-like structure, and increases cortical
bone thickness. Aim of the study: Assessment of change in BMD and trabecular bone score (TBS) after 12- and
18-months treatment with TPTD in patients with GIOP. Patients and methods: Prospective multicentric, non-con-
trolled follow-up of the effect and safety of TPTD treatment in patients with GIOP, performed in 5-referral centers
specified at the treatment with TPTD, In all patients included in OSTEOQ.sk registry the measurements of BMD, at
lumbar spine (LS) and proximal femur, and bone turnover markers were performed periodically. In the subset of
participants, a TBS was measured. Results: From total number of 263 patients included in the registry, 129 pa-
tients (20 men aged 51,5 years/109 women aged 59,7 years) were included in the final analysis. An increase of
lumbar spine (LS) BMD at month 12 (+8.3%, p < 0.001) and at month 18 an increase of total hip (+3.85%, p < 0.001),
femoral neck (+3.26 %, p < 0.007) and LS BMD (+9.28%, p < 0.001) in comparison to baseline values after treatment
with TPTD were observed. In the subset (n=12), TBS increase of 2,4% (p=0,01) during first 12 months. 18 months
of TPTD therapy led to significant increase of bone turnover markers. Conclusion: 18 month treatment with TPTD
led to significant increase of BMD with concomitant increase in all assessed bone turnover markers. In addition,
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in subset of the study group and increase of TBS after 12 months was observed. According to these results, it has
been proven that TPTD is highly effective osteoanabolic drug in patients with GIOP.

Key words: bone mineral density (BMD) — glucocorticoid-induced osteoporosis — TBS - teriparatide

Abstrakt

Uvod: Liecba glukokortikoidmi mé za nasledok rychlu stratu denzity kostného mineralu (BMD) a glukokortikoidmi in-
dukovana osteoporédza (GIOP) je najcastejSou a zévaznou formou sekundérnej osteopordzy. Liecba Zien s post-
menopauzdlnou osteopordzou teriparatidom (TPTD) vyznamne zvysSuje trabekuldrny kostny objem a konektivitu, zlep-
Suje trabekularnu morfoldgiu s posunom smerom k viac dosti¢kovitej Strukture a zvysuje hrubku kortikalnej kosti. Ciel
Stadie: Posudeni zmeny BMD a trabekuldrneho kostného skére (TBS) po 12- a 18-mesacnej liecbe TPTD u pacien-
tov s GIOP. Pacienti a metédy: Prospektivne multicentrické, nekontrolované sledovanie Ucinnosti a bezpecnosti liecby
TPTD u pacientov s GIOP, uskuto¢riované v 5 Specializovanych centrach ustanovenych pre liecbu TPTD. U vSetkych pa-
cientov zaradenych do registru OSTEO.sk bolo pravidelne uskuto¢riované meranie BMD v bedrovej chrbtici a proximal-
nom femoru a sledovanie markerov kostného obratu. V podskupine U¢astnikov bolo merané TBS. Vysledky: Z celko-
vého poétu 263 pacientov zaradenych do registra bolo do zavere¢nej analyzy zahrnutych 129 pacientov (20 muZov vo
veku 51,5 let/109 Zien vo veku 59,7 let). Po lie¢be TPTD bol zisteny v porovnani's vychodiskovymi hodnotami narast BMD
v bedrovej chrbtici v 12. mesiaci (+ 8,3 %, p < 0,001) a v 18. mesiaci narast BMD hlavica femoru (+ 3,85 %, p < 0,007), kr¢ku
femoru (+ 3,26 %, p < 0,001) a bedrovej chrbtice (+ 9,28 %, p < 0,001). V podskupine (n = 12) v priebehu prvych 12 mesia-
cov narastlo TBS 02,4 % (p = 0,01). 18-mesacna lie¢ba TPTD viedla k vyznamnému zvySeni markerov kostného obratu.
Zaver: 18-mesacna liecba TPTD viedla k vyznamnému zvySeniu BMD so su¢asnym zvySenim vSetkych hodnotenych
markerov kostného obratu. Okrem toho bolo v podskupine Uc¢astnikov Studie pozorované zvysenie TBS po 12 mesia-
coch lie€by. Podla tychto vysledkov bolo preukazané, ze u pacientov s GIOP je TPTD vysoko Ucinny ostecanabolicky liek.

Kltéové slova: kostnd minerdlna denzita (BMD) — osteopordéza indukovana glukokortikoidmi (GIOP) — trabekularne

kostné skore (TBS) - teriparatide

Introduction

The prevalence of oral glucocorticoid (GC) use is 0.9%
of the total adult population rising to 2.5% at age over
70 years [1]. GC therapy results in a rapid bone loss within
the first weeks of treatment leading to osteoporotic frac-
tures in 3 to 6 months from the beginning of GC treatment
[2].

Histomorphometric analysis of biopsies from GC-
treated individuals have demonstrated a reduction in
bone formation at the cellular and tissue level, resulting
in reduced bone volume and trabecular thickness. Higher
doses and the long-term use of GC, however, also may be
associated with an increase in bone resorption, leading to
greater bone loss and disruption of cancellous bone archi-
tecture [3-7]. GC therapy is associated with reduced intes-
tinal and renal calcium absorption and increased urinary
calcium excretion, therefore increasing calcium intake
seems to be a logical approach to slow decrease in bone
mass and microarchitecture [8,9].

Teriparatide (TPTD) increases periosteal and endo-
cortical bone formation — total bone area, cortical area
and bone strength. TPTD treatment of postmenopausal
women with osteoporosis significantly increases can-
cellous bone volume and connectivity, improves tra-
becular morphology with a shift toward a more plate-
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like structure, and increases cortical bone thickness,
leading to reducing in vertebral and non-vertebral frac-
ture risk [2,10-171.

In last years, a trabecular bone score (TBS), indirect
non-invasive bone parameter to describe degradation
of trabecular microstructure is widely used [18] And
high TBS value indicates better whereas lower TBS in-
dicates worse trabecular bone structure and meaning
greater risk of osteoporosis fractures [19-22]. There
are several studies proving positive effect of TPTD on
TBS in comparison or following to bisphosphonate treat-
ment in patients with GC-induced osteoporosis (GIOP)
[23-25].

This study was aimed to assess changes in bone
mineral density (BMD) and TBS after 18-month period
of treatment with TPTD in patients with GIOP concen-
trated into referral TPTD treatment centers in Slovakia.

Patients and methods

Patients

From January 2010 till January 2014, a prospective fol-
low-up on effect and safety of TPTD treatment in GIOP
patients in 5 referral centers specified at the treatment
with TPTD, was performed.
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The patients inclusion criteria were as follows:

1. bone mineral density T-score < -2.9 or one or more
osteoporotic fractures

2.the use > 5 mg corticoids for more than 3 months

The regional medical ethical committees in each centre
gave approval for the study

Treatment

All patients were treated with 20 pg of recombinant
humane parathyroid hormone [1-34] - teriparatide (For-
steo®, Eli Lilly and Company, Netherlands BV), adminis-
tered daily, subcutaneously. All patients enrolled in the
study received daily supplements of 500 to 1 000 mg of
Calcium and 400 to 800 IU of Vitamin D.

Outcome measures

The primary outcomes were defined as change in bone
mineral density (BMD) at femoral neck (FN), total hip
(TH) and lumbar spine (LS) and bone turnover mark-
ers after 12 and 18 months of TPTD treatment. Second-
ary outcomes included prevalence of clinical fractures,
changes in TBS, tolerability and safety of the treatment.
It was the prospective, open label, non-randomized,
18-months study in five centers in Slovakia (January
2010 - January 2014).

Methods

In all patients, LS BMD, FN and TH region was measured
at the baseline, month 12 and 18 using dual-energy X-ray
absorptiometry (Hologic Discovery). In all five centers

Table 1 | Baseline characteristics of the study sample

parameter (unit) all
(N=129)
age (years) 57.3+12.1
weight (kg) 746+56
height (cm) 168.1+8.1
mean dose of GC (mg/day) 109+9
duration of GC-treatment (months) 120 +106

‘values are expressed as mean +SD (Standard Deviation)

men women difference
men vs women
(N=20) (N=109) (p-value)
51.5%18.7 59.7+14.8 p=0.05
84.3+3.5 721 +4.8 <0.001
1732 +6.1 155.1+44 <0.001
13.6+11.3 109+85 NS
97 +112 124 £ 105 NS

Figure 1 | Doses of glucocorticoids in the study group at the beginning of the follow-up
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N’ 129
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treatment duration (months)
N’ 129
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77.8%
70.0%

80% -
= women

men
60% -

ients

40% A

% pati
15.0%

20% A

10.2%
10.0%

6.5%
5.0%

1.9%
@1 10.0%

5-10 10-1515-20 20-30 =30
glucocorticoid (mg/day)

glucocorticoid (mg/day)

men women
N’ 20 109
mean + SD 13.6+11.3 10.4+8.5
median (min; max) 10.0 (5.0; 42.5) 7.5 (5.0;20.0)

treatment duration (months)
N? 20 109
mean + SD 97.9+112.1 124.4+105.8
median (min; max) 54.0 (4.5; 342.0) 96.0 (5.0; 348.0)
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Hologic densitometer (Discovery) with identical soft-
ware and normative database was used.

All patients were assessed for serum levels of proco-
lagen type 1, aminoterminal propeptide (P1NP), B-cross-
laps (CTx) and osteocalcin (OC) at month 0, 6, 12 and 18.
the same method (ECLIA) and Ca in routine manner by
local laboratories.

TBS derived from lumbar spine DXA was assessed by
the iNsight® v. 1.0 (Medimaps, France) in the subset of
patients.

Statistics

Standard descriptive parametric and nonparametric sta-
tistics were used for the description of the data. Contin-
uous variables were described using mean and standard
deviation or median supplemented by 5" and 95" per-
centile; categorical variables were described using abso-
lute and relative frequencies of categories (percentage).
Statistical significance of time related changes in pair-
wise comparisons was analyzed using pair-wise t-test
or Wilcoxon paired test for detailed comparisons of

Figure 2 | Precentage of patients with fractures (vertebral and non-vertebral) before start of the treatment in study

population
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Figure 3 | Changes in BMD over time periods. Treatment with TPTD led to an increase in BMD of total hip, femoral

neck and LS assessed by means of BMD at month 12 and 18
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two time points. The results were considered statisti-
cally significant at the level of alpha < 0.05 in all applied
analyses. Analyses were performed using IBM SPSS
22.0.0 (IBM Corporation, 2013).

Results

From total of 263 GIOP patients on TPTD treatment
a number of 129 patients (20 men/109 women), who
properly terminated TPTD treatment after 18 months,
were included in the study. Figure 1 and Figure 2 shows

doses of GC used by patient and number of all fractures
at the beginning of the follow-up. Baseline characteris-
tics arein Table 1.

Change in bone mineral density

After TPTD treatment, an increase of lumbar spine
(LS) BMD at month 12 (+8.3%, p < 0.001) and total hip
(+3.85%, p < 0.001), femoral neck (+3.26 %, p < 0.001)
and LS BMD (+9.28%, p < 0.001) at month 18 was ob-
served (Figure 3).

Figure 4 | Changes in bone turnover markers after TPTD treatment. Treatment led to significant increase in all three

evaluated bone turnover markers
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p<0.001 (NI 58 68.5 233.0 1389.3
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p=0.001 D 55 444 1768 4385
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Change in bone turnover markers

During study period, PINP increase of 233%; 304.5%
and 176.3% at month 6; 12 and 18 (all p < 0.001), re-
spectively, see Figure 4 for further details.

CTx increased of 171.8% (p < 0.001); 196.9% (p < 0.001)
and 154.8% (p < 0.007) at month 6, 12 and 18, respec-
tively. Similarly, OC increased of 248% (p <0.001); 225.3%
(p<0.001) and 178.3% (p < 0.0017) at month 6, 12 and 18,
respectively.

Serum calcium levels above reference range (2.7 mmol/1)
were present in 3,2%; 8.6%; 5.8% and 3.4% of patients at the
baseline, month 6, 12 and 18, respectively (Figure 5).

Effect on fractures
After 18 months of treatment a decrease in number of
new onset fractures (2 high trauma, 1 low trauma wrist
fracture) was observed compared to the baseline (6 high
trauma, 0 low trauma fractures), Table 2.

Treatment with TPTD was well tolerated and no seri-
ous side effects were observed.

Effect on trabecular bone score

TBS was evaluated in the subset of 12 patients (7 women,
5 males). An increase 2,4% (p = 0,01) of TBS was ob-
served at month 12 of TPTD treatment (Figure 6).

Discussion
The beneficial effects of daily injection of TPTD have been
shown in several randomized, placebo-controlled trials
with glucocorticoid-induced osteoporosis [2,15-17].

In this study, an effect of osteoanabolic treatment
with TPTD on BMD, bone turnover markers and TBS

Figure 6 | Change in TBS values after treatment with

TPTD. Significant increase was observed at
month 12

TBS

L +2.4%; p =0.1

1.25 A
1.24 A

1.23 A
1.22 A
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121 A
120 A
1.19 A
1.18 A

1.17

baseline month 12

Figure 5 | Calcium levels at the baseline and after 6,12 and 18 months of treatment
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N=125
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Table 2 | The number of new onset fractures in the study group in each time period

time number of patients total number of fractures high-trauma low-trauma
6 months 4 6 6 0
12 months 1 1 1 0
18 months 8 8 2 1
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was evaluated. Daily TPTD administration for the period
of 18 month had positive effect on BMD and bone for-
mation as documented by increase of bone turnover
markers. In addition, in the small subset, 12 month treat-
ment resulted in increase of TBS. In past years, there
were several studies concerning the effect of TPTD on
BMD and the risk of osteoporotic fractures. In the ran-
domized, double-blind clinical trial of 36 months effect
of TPTD in comparison to daily alendronate administra-
tion in GIOP patients showed significant skeletal bene-
fits (documented by increase in BMD) in patients with
GIOP, compared to alendronate [26-28]. Although, our
analysis was limited because of absence of control
group, the effect of TPTD on BMD was obvious, prefer-
ably after 18 months of treatment. The effect of TPTD
was supported by increase of bone turnover markers
followed with slight decrease at month 18. In other
trials comparing a bisphosphonate with TPTD in severe
postmenopausal osteoporosis, TPTD therapy was as-
sociated with increased areal and volumetric BMD and
bone strength compared to alendronate [28,29]. This
response may reflect the characteristic ability of gluco-
corticoids to inhibit osteoblast and osteocyte function
profoundly by several mechanisms, including the stim-
ulation of apoptosis [30]. Interestingly, Reid et al. in two
of the previous studies with TPTD documented a re-
duction in non-vertebral fractures in postmenopausal
women with osteoporosis [31,32]. Another study docu-
mented in a group of postmenopausal women with
prevalent vertebral fracture a significant decrease in
risk of vertebral and non-vertebral fractures after 18-
month administration. The treatment was associated
with significant improvement in quality of life [33].

Our study, however not aimed to evaluate incidence
of fractures, supports the finding with a decreasing
number of newly developed high trauma fractures (de-
spite the 1 new low trauma fracture). The standard of
care for patients at risk for glucocorticoid-associated
bone loss and osteoporosis includes a choice of antire-
sorptive agents. However, for patients with established
osteoporosis who are at high risk for fracture, more ef-
fective therapy may be warranted [30,34-39]. In 18-
month trial in men with glucocorticoid-induced osteo-
porosis, TPTD showed also larger improvements in
spinal BMD and bone strength and microstructure than
risendronate [40]. This is also supported by the effect of
TPTD on TBS in our study.

Conclusion

According to the previous studies TPTD as the anabolic
agent is appropriate therapeutic strategy for patients at
high risk for fracture, such as patients on GC treatment.
In this study, treatment with TPTD resulted in BMD in-

Clin Osteol 2018; 23(4): 138-145

crease followed by significant changes in bone turnover
markers. The effect of TPTD on bone structure was ad-
ditionally documented by its positive effect on TBS,
Hovewer, larger studies to evaluate TBS are needed. Ac-
cording to these findings, TPTD is highly effective os-
teoanabolic drug in patients with GIOP.
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