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Summary

We studied the use of teriparatide in postmenopausal women with severe osteoporosis.

Two groups (A and B) of patients affected by severe osteoporosis (T-score <-2.5 at bone mineral
density were analyzed and 2 vertebral fractures on radiograph).

Group A was treated for 18 months with 20 pg/day of teriparatide. Group B was treated with
bisphosphonates 70 mg/week. Every woman assumed 1 g of calcium and 800 IU of vitamin D3 dai-
ly. We evaluated the effects of therapy after 18 months (T18) from the beginning with bone turn-
over markers (alkaline phosphatase, procollagen type 1 N-terminal propeptide, and N-telopeptide
cross-links) and dual-energy X-ray absorptiometry.

Group A, at T18 procollagen type 1 N-terminal propeptide levels, increased 127%; bone alkaline
phosphatase levels increased to 65%; N-telopeptide cross-links levels increased to 110%.

Group B, at T18 procollagen type 1 N-terminal propeptide levels, decreased to 74%; bone alkaline
phosphatase levels decreased to 41%; N-telopeptide cross-links levels decreased to 72%.

After 18 months, lumbar bone mineral density increased to 12.4% and femoral bone mineral den-
sity increased to 5.2% in group A. Group B lumbar bone mineral density increased to 3.85% and
femoral bone mineral density increased to 1.99%. Only a new vertebral fracture occurred in group
A (2.4%), whereas 6 fractures occurred in group B (15.7%).

The quality of life questionnaire of the European Foundation for Osteoporosis (QUALEFFO) re-
vealed a significant improvement in daily living, performed domestic jobs, and locomotor func-
tion in groups A and B.

The use of rhPTH in patients with severe osteoporosis offers more protection against fractures and
improves the QoL more than bisphosphonates.
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BACKGROUND

Osteoporosis is a systemic disease leading to progressive de-
crease in bone mineral density, decreased bone strength,
and increased risk of skeletal fractures [1]. Approximately
30% of women have sustained at least 1 vertebral fracture
by the age of 75 [2]. These fractures are an important and
common cause of morbidity in osteoporotic patients; more-
over, fractures evidenced both clinically and at radiograph-
ic examination are associated with an increased mortality
rate [3]. Approximately 75% of patients who present with
a clinical vertebral fracture experience chronic pain. Back
pain owing to vertebral fractures has a significant affect on
osteoporotic patients [4-6], and the number and severity of
these fractures also increases the risk of developing chron-
ic back pain [7]. This has a marked negative impact on the
quality of life (QoL) and functional impairment of the af-
fected patients [8]. Conventional treatments for osteopo-
rosis including bisphosphonates, selective estrogen recep-
tor modulators (SERMs), and estrogen have been shown to
reduce the rate of bone resorption and to preserve bone
mass [9]. Another therapeutic option includes thPTH, an
agent that has been shown to increase both bone mass and
bone strength.

When injected, teriparatide (rDNA origin), the amino-ter-
minal fragment of human PTH (rhPTH 1-34), is a potent
bone formation agent for the treatment of severe osteopo-
rosis [10]. It increases osteoblast production/growth and
prevents osteoblast apoptosis; at the same time, it enhances
absorption of calcium from the intestine, renal reabsorption
of calcium, while decreasing the excretion of phosphates
in the kidney [11-14]. When administered once daily by
subcutaneous injection, thPTH increases bone density and
improves trabecular architecture, cortical geometry, and
strength [15,16]. Not only does rhPTH increase trabecu-
lar bone density by stimulating bone formation, but it also
stimulates osteoclastic bone resorption [17-19].

In several studies, thPTH has been shown to increase bone
mineral density in postmenopausal osteoporosis, in senile
osteoporosis in men, and in glucocorticoid-induced osteo-
porosis [10]. Teriparatide acts via the PTH-1 receptor on os-
teoblasts and bone marrow stromal cells to induce osteoblas-
tic bone formation, that is, osteoid synthesis and accelerated
mineralization [17]. This, in turn, results in reductions in
skeletal fractures to levels equivalent to, or over, those ob-
tained by using antiresorptive agents [15]. The increase in
bone mineral density induced by rhPTH is substantial, rang-
ing 10% to 15% over 2 to 3 years in most studies [10,20-24].
Moreover, thPTH can cause demonstrable increases in bone
mineral density and changes in markers of bone turnover
within 3 months since the start of treatment [10,25].

Quality of life (QoL) can be measured to compare the ef-
fect of different treatments for osteoporosis. Measuring pain
scores only for these patients would be inadequate, because
apart from acute and chronic back pain, patients with verte-
bral fractures also experience anxiety, constant fear of falling,
or suffering another fracture while their daily living activities
are impaired. Most information has been collected thanks
to the efforts made by some researchers to develop specific
instruments to test the physical and emotional disability gen-
erated by the disease. Generic tools available for measuring

QoL are useful to evaluate general health but they lack dis-
ease specificity. More recently, some specific instruments
have been developed to measure the QoL in osteoporosis
more accurately. The most widely used are the Osteoporosis
quality of life questionnaire (OQLQ), the Osteoporosis
Assessment Questionnaire (OPAQ), the Osteoporosis-
targeted Quality of life Questionnaire (OPTQoL), and the
quality of life Questionnaire of the European Foundation
for Osteoporosis (QUALEFFO-41) [26].

One of the first ones was Qualeffo-41, which has been trans-
lated and validated in different languages including Italian
[27,28]. This questionnaire has proved to be repeatable, co-
herent, and able to discriminate between patients and con-
trols. In the last few years, other specific questionnaires have
been developed, but not all of them have been as extensive-
ly used and validated in different countries as Qualeffo-41.

The goal of this study was firstly to assess the validity of
rhPTH treatment in a cohort of postmenopausal women
with severe osteoporosis; secondly, to evaluate the improve-
ment in QoL and pain symptoms after several months of
rhPTH therapy. A follow-up Qualeffo-41 questionnaire was
used to quantify the patient’s pain and the affect on QoL
after rhPTH therapy.

MATERIAL AND METHODS

The study was a 18 months, randomized prospective cohort
study conducted at Department of Molecular and Clinical
Endocrinology and Oncology, University of Naples Federico
II, Naples, Italy. Inclusion criteria for this study consisted of
back pain, postmenopausal osteoporosis (T-score <-2.5 at
lumbar spine or femoral neck), the presence of 2 osteopo-
rotic vertebral fractures, previous treatment for osteoporosis.
The exclusion criteria were: an increased risk of osteosarco-
ma (ie, patients with Paget disease bone, previous skeletal ex-
posure to external beam radiotherapy, or previous malignant
neoplasm involving the skeleton), hypercalcemia, malignant
neoplasms, impaired renal function, liver disease, history of
diseases other than postmenopausal osteoporosis that affect
bone metabolism, nephrolithiasis, alcohol or drug abuse.

Secondary osteoporosis was excluded in order to avoid the
interference of the primitive disease with the patient’s quality
of life. Informed consent was obtained from all subjects and
the study protocol was approved by the Hospital/Science’s
Ethical Committee.

Eighty-one postmenopausal women were enrolled and di-
vided in two groups with no statistically significant differ-
ences in any of the considered variables: Group A — forty-two
women (mean age 65+9 yrs; mean body mass index — BMI -
24.5+2.6 kg/m?), with severe postmenopausal osteoporosis
(mean lumbar BMD -3.88+0.70, mean femoral neck BMD
-3.07+0.60 and with 2 vertebral atraumatic fractures), persis-
tent back pain and previous treatment with biphosphonates
for osteoporosis; Group B — thirty-nine women matched for
age (60+14.4 yrs), BMI (22.848.8 Kg/m?), menopausal sta-
tus, affected by back pain, severe postmenopausal osteoporo-
sis (lumbar spine BMD -3.90+0.73, mean femoral neck BMD
-3.02+0.61 and with 2 vertebral atraumatic fractures) previ-
ously treated for osteoporosis with biphosphonates. BMI,
age at menopause, lifestyle habits (i.e., smoking, drinking,
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nutrition style), nutrition anamnesis (calcium intake), his-
tory of diseases other than osteoporosis, family history of os-
teoporosis were considered.

Groups were randomized to daily treatment with 20 pg s.c. of re-
combinant human parathyroid hormone (thPTH 1-34), self-ad-
ministered injections (group A) or 70 mg per os of alendronate
every week (group B). All women received 1,000 mg elemen-
tal calcium daily and 800 IU of vitamin D daily for 18 months.

Biochemical markers of bone turnover were dosed in all
the selected female patients: alkaline phosphatase (ALP:
35-104 U/L), N-terminal propeptide of type I procollagen
(PINP: 19-102 pg/1), Ntelopeptide crosslinks (NTx: 5-65
nmol/mmol Crea) were assessed at baseline, 3, 12 and 18
months (T0, T3, T12, T18).

The BMD of the lumbar spine and the proximal femur was
measured by dual-energy X-ray absorptiometry (dual-ener-
gy X-ray absorptiometry QDR 1000; Hologic, Waltham, MA,
USA) at baseline and at 18 months (T0, T18).

All women underwent anteroposterior and lateral radiogra-
phy of thoracic and lumbar spine at T0O and T18.

The QoL questionnaire of the European Foundation for
Osteoporosis (QUALEFFO) was administered at baseline
and at the end of the study to evaluate the impact of thPTH
on health-related QoL.

Originally, the questionnaire consisted of 48 questions and 6
visual analogue scales. In the Qualeffo validation study, the
number of items was reduced, and the visual analogue scales
were removed. This resulted in the Qualeffo-41 [10,11],
which consisted of 41 questions in 5 domains: pain, phys-
ical function, social function, general health perception,
and mental function.

All answers were recorded so that all items range from 1 to
5, and all answers were standardized so that 1 represents the
best and 5 the worst QoL, with the exception of questions
E23-25 (questions with 3 answer options), questions E24-26-
27-28 (4 answer options), and questions G33-34-35-37-39-40
(answer with reverse scores: 1 is the worst while 5 is the best).

Domain scores are calculated by averaging the answers of 1
domain and transforming the scores to a score from 0 to 100.

Data are expressed as mean +SD or percentage; moreover,
to assess the affect of teriparatide treatment on markers of
bone turnover, bone mineral density, and on health-relat-
ed QoL, Pearson correlation coefficients were computed in
the 2 study groups. The level of significance was Pvalue low-
er than.05. Therefore, percentage changes of biomarkers,
bone mineral density, and Qualeffo results were calculated.

RESULTS

Baseline characteristics of the subjects are summarized in
Table 1. There was no significant difference in these char-
acteristics between the 2 groups.

In the group A, 39 (93%) out of the 42 recruited wom-
en completed the study: 2 patients discontinued the drug

Table 1. Clinical characteristics of postmenopausal women treated
with teriparatide and controls.

Baseline mean characteristics

of the subjects GroupA  Group B
Age (years) 65+9 60+14.4
Height (cm) 160+9 16211
Weight (kg) 63+122 6152
BMI (kg/m?) 245426  22.84838
Tobacco smoking (pack-year) 100+£30  100+20
History of fractures (#pts) 42 38
Previous osteoporosis therapy (#pts) Ly} 38
Back pain (#pts) 42 38

therapy because of lack of compliance with the study treat-
ment; 1 patient discontinued because of a new vertebral
atraumatic fracture.

The aim of this study was to evaluate percentage changes
from baseline in biochemical markers of bone turnover, val-
ues of bone mineral density (measured at lumbar spine and
proximal femur), and measurements of QoL.

Follow-up checks, where we also evaluated clinical condi-
tions, adverse events, compliance to treatment and use of
non-steroid anti-inflammatory drugs, were carried out at 3,
12 and 18 months since the beginning of treatment.

Markers of bone turnover

In group A serum levels of PINP increased of 90%, 145%
and 127% at T3, T12, T18, respectively; bone ALP levels in-
creased of 57%, 79% and 65%; NTx levels increased of 53%
at T3, of 100% at T12, of 110% at T18. In group B percent-
age changes from baseline of serum levels of PINP were
-50%, =70% and -74% at T3, T12, T18, respectively; bone
ALP levels decreased of 30%, 48% and 41%; NTx levels
were reduced by 55% at T3, of 69% at T12, of 72% at T18.

Mean percentage changes from baseline are shown over time
for all 3 biochemical markers in Figures 1 and 2.

Mean PINP values were 42+6 png/1at TO, 80+12 pg/1at T3,
103+34 pg/1at T12, 95426 pg/lat T18 in group A (T0 vs T3
r: 0.81, p<0.001; TO vs T12 r: 0.88, p<0.001; TO vs T18 : 0.86,
p<0.001) and 78+16 pg/1, 39+5 pg/1, 23+13 pg/1, 208 pg/1
at TO, T3, T12, T18 respectively (TO0 vs T3 r: 0.67, p<0.001;
TO0 vs T12 r: 0.76, p<0.001; TO vs T18 r: 0.82, p<0.001). In
group A mean ALP value at TO was 68+20 U/L, 107+20 U/L
at T3, 122445 U/L at T12 and 112+35 U/L at T18 (T0 vs T3
r: 0.72, p<0.001; TO vs T12 1: 0.46, p<0.01; TO vs T18 1: 0.85,
p<0.001); instead, in group B mean ALP was 72 15 U/L
at baseline, 50+15 after 3 months, 37+17 U/L at T12 and
4247 U/L at the end of the study (T0 vs T3 r: 0.91, p<0.001;
TO vs T12 r: 0.53, p<0.001; TO vs T18 r: 0.65, p<0.001).
NTx mean values in group A were 31+7 nmol/mmol Crea,
47421 nmol/mmol Crea, 62+11 nmol/mmol Crea, 65+23
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Figure 1. Mean percentage changes of biochemical markers of bone
turnover at baseline and at the end of the study in group A.
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Figure 2. Mean percentage changes of biochemical markers of bone
turnover at baseline and at the end of the study in group B.

nmol/mmol Crea at T0, T3, T12 and T18 respectively (T0
vs T3 r: 0.22, p>0.1; TO vs T12 r: 0.57, p<0.001; TO vs T18
r: 0.49, p<0.01) while in group B NTx mean values were
53+4 nmol/mmol Crea at T0, 29 +11 nmol/mmol Crea at
T3, 20+13 nmol/mmol Crea at T12 and 15+8 nmol/mmol
Crea at T18 (TO vs T3 r: 0.74, p<0.001; TO vs T12 r: 0.58,
p<0.001; TO vs T18 r: 0.69, p<0.001).

Bone mineral density

By the end of the study period, the BMD values expressed
in terms of T-score in our total pool displayed important
changes (Figure 3).

At month 18, lumbar spine BMD increased by 12.4% in
group A compared with group B in which it increased by
3.85%. Specifically, in group A mean T-score at TO was
-3.87+0.71 and mean T-score at T18 was —3.39+0.72 (r:
0.88; p<0.001); instead, in group B, mean T-score at TO
was —3.90+0.73 and mean T-score at T18: -3.75+0.72 (r:
0.98; p<0.001).

The BMD in the femur increased from baseline at month 18,
in group A, by 5.2% and by 1.99% in group B. In group A,
mean femoral neck T-score was —3.07+0.60 at baseline and
mean T-score at T18 was —2.91+0.63 at the end of the study
(r: 0.87; p<0.001); in group B, mean femoral T-score was
-3.02+0.61 at TO and -2.96+0.64 at T18 (r: 0.99; p<0.001).

X-ray evaluation
At TO, all patients of groups A and B showed baseline vertebral

fractures. Patients treated with teriparatide were more pro-
tected against new fractures, compared with patients treated

Group A Group B

-2.80
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-3.10 : | 10
emoral t-score
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Figure 3. BMD values expressed in terms of T-scored at baseline and
at the end of the study.

with bisphosphonates; in fact, only 1 new vertebral fracture
occurred in group A (2.4%) at study endpoint (T18) vs 6 new
vertebral fractures that occurred in group B (15.7%) at T18.

Adverse events

Teriparatide was safe and generally well-tolerated in most
study subjects. The most-common reported adverse effects
were back pain worsened in the first month of treatment
that was reported by 14% of women; nausea, reported by
10%; headache and dizziness that were reported by only
1 and 2 women. Bisphosphonates were provided compa-
rable in terms of tolerability to teriparatide. The reported
adverse effects were abdominal pain in 9 patients, arthral-
gia in 4 patients, and dyspepsia in 1 patient.

Quality of life

We evaluated the teriparatide impact on several aspects of
QoL by administering the patients Qualeffo-41 test at TO
and T18 (Figure 4).

First domain (domain A) result indicated a serious reduction
in pain (-22%) after treatment with thPTH: mean scores
measured was 72+9.2 at start and 56+14 after 18 months (r:
0.61; P<.001) compared with group B (-9.7%; 71+8.7 at TO
and 65+11 at T18; r: 0.53; P<.001).

For everyday activities (domain B), an average of 55+13.6
was measured at TO and of 40-22.9 at T18 (r: 0.44; P<.01)
in group A which had a total improvement of 27.3%, while
the improvement was of 11% in group B (61.1+18 at TO and
54.3+15.7 at T18; r: 0.68; P<.001).

The performed domestic job domain (domain C) showed an
improvement of 29% in group A (60+10.7 at T0; 42.6+13.3
at T18; 1: 0.68; P<.001) and of 2.9% in group B (62.1+13.3
at T0; 60.3+13.7 at T18; r: 0.88; P<.001).
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Figure 4. Values of the dimensions of the
QUALEFFO-41in patients treated and not

treated with teriparatide.

The mean score of domain D (locomotor function) was of
48.4+10 at baseline and 30.2+14.3 at the end of the study
that indicates a percentage change of 37.8% in group A com-
pared to group B where the change was of 11.5% (46.8+8.6
at TO; 41.4+10.05 at T18; r: 0.69; P<.001).

The quality of free time and of the social activities (domain E)
at the 2 time points they were 36.2+8.6 and 25.9+8.6, indicat-
ing a percentage change of 28.4% in group A (r: 0.50; P<.01);
the values of group B were 38.2+14 at TO and 34.2+14.3 at T18
reaching a percentage change of 10.5% only (r: 0.87; P<.001).

Patients taking teriparatide showed also an improvement
of 33.9% in the self-perception of their health (domain F)
(59+25 at TO; 39+16.7 at T18; r: 0.84; P<.001) versus 12.8%
improvement of group B (63.2+28.2 at T0; 55.1+24.8 at
T18; r: 0.90; P<.001).

In the mood domain (domain G), the Qualeffo-test revealed
amean value of 20.6+7.2 at TO and 29.3+9.7 at T18 in group
A (r: 0.71; P<.001). These data demonstrated a consider-
able improvement (29.7%) compared with group B (1.8%;
32.5+9.8 at TO; 33.1£9.9 at T18; r: 0.18; P>.1).

As a consequence of pain relief, the consumption of nonste-
roidal anti-inflammatory drugs also decreased in 29 women

of group A, while it did not decrease in group B.

DiscussIioN

Our results demonstrate that daily injections of thPTH for
18 months are an efficacious and generally well-tolerated
therapy in postmenopausal women with severe osteoporo-
sis. More importantly, in our experience thPTH therapy re-
sults in decreased fractures and pain symptoms in patients
with osteoporosis, and may be particularly beneficial to pa-
tients with a history of vertebral fractures.

Teriparatide is the first documented effective anabolic treat-
ment of osteoporosis. Teriparatide is a bone-forming agent
and its effect is demonstrated by increases in biochemical
markers of bone turnover over the study period: bone for-
mation markers showed more rapid and higher increases
than resorption ones, suggesting an early imbalance of bone
turnover in favor of formation; these data are in agreement
with previous studies [29,30]. Treatment with teriparatide re-
sulted in a greater increase in bone mineral density (BMD).

After 18 months of therapy with rhPTH, bone mineral densi-
ty in the lumbar spine and of the proximal femur increased
by 12.4% and 5.2%; these reported percentage increases are
consistent with results of other studies [10,31]. At month 18
in patients treated with bisphosphonates, instead, lumbar
spine increased only by 3.85% and the bone mineral densi-
ty in the femur increased by 1.99%. The differences in the
percentage increases between the 2 groups of patients can
be explained with substantial differences between antire-
sorptive and anabolic therapeutic effects on bone mass and
architecture as well as on bone mineral density. Moreover,
rhPTH increases trabecular connectivity [32], whereas the
majority of bone mineral density increases observed with
bisphosphonate treatment are a result of increased miner-
alization of existing bone matrix [33].

Teriparatide has been referred to be an efficacious treat-
ment against new fractures, making a significant change in
the course of severe osteoporosis, which can lead rapidly
not only to varying degrees of disability, the loss of self-suffi-
ciency, and to institutionalization, but also to death [34-36].
In this study, we have confirmed that patients with osteo-
porosis treated with teriparatide experience improvements
in pain symptoms.

In addition, use of teriparatide caused a considerable de-
crease of pain, accompanied by a consequent reduction of
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the need for nonsteroidal anti-inflammatory drugs by the
patients; this was the main factor that assured an absolute
compliance of the patients.

In severe osteoporosis vertebral fractures are an important
cause of back pain owing to muscle weakness and altered pos-
ture, resulting in serious acute and chronic pain that contrib-
utes to further disabilities; in fact, vertebral fractures are the
top health condition accounting for length of hospitalization,
and added significantly to the length of hospitalization in pa-
tients admitted for other medical problems. Apart from the
physical disabilities had by these patients, chronic back pain
has a significant impact on the patient’s QoL. In fact, patients
with vertebral fractures often experience impaired physical
functions, limited activities of daily living, limited leisure and
recreational activities, and significant emotional distress with
loss of self-esteem and depression [34-36]. In this study, we
have confirmed that patients with osteoporosis treated with
teriparatide experience improvements in pain symptoms.

To analyze all these variables and to measure the values of
QoL at baseline and at the end of the study, we used the
Qualeffo-test, developed by Lips and associates in 1997
[27,28]. Specifically, we used Qualeffo-41, that represents
a QoL questionnaire which is brief, easy to administer, and
with adequate preliminary psychometric properties. We
preferred this test to the generic ones (such as NHP, SIP,
SE-36, EQ-SD) because of its specificity in the evaluation of
QoL in people affected by osteoporosis with vertebral de-
formities; in fact, disadvantages of generic instruments are
that they usually include irrelevant questions and that these
questionnaires are less able to investigate those aspects that
mostly influence QoL of osteoporotic patients [26-28]. This
makes the Qualeffo-41 potentially useful during routine
clinical practice and research for the treatment and the fol-
low-up of postmenopausal women with severe osteoporosis.

By using this test, our study evidences that the use of rhPTH
influences all considered domains of QoL; in fact, pain,
physical and social functions, mood significantly improved
in nearly all patients treated with thPTH at the end of the
study. Thus, the reduction of back pain observed from base-
line of active treatment through posttreatment follow-up is
consistent with the reduction of new vertebral painful frac-
tures, that means improved QoL for this kind of patients.
Our data clearly demonstrate that rhPTH is more effective
than bisphosphonates in acting on back pain and all the do-
mains of QoL. Adverse events (back pain, headache, nausea,
dizziness) in our patients receiving thPTH were mild and
transient, with a percentage lower than in previous studies
[10,36]. The adverse effects attributed to teriparatide did
not stop the patients from continuing with the treatment.

CONCLUSIONS

Our results demonstrate that thPTH increases bone miner-
al density considerably, reduces the occurrence of new frac-
tures, and the need for analgesic therapy. Therefore, this
study evidences that this anabolic agent represents a valid
therapeutic option in severe postmenopausal osteoporosis;
moreover, patients after this treatment experience, improve-
ments not only in pain relief, but also in certain aspects of
emotional functioning, activities of daily living, and leisure
activities, improve QoL considerably.
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