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Background. Teriparatide is a potent anabolic agent for severe
osteoporosis.

Objectives. A primary objective of this retrospective study was to
define the efficacy of teriparatide in terms of bone mineral density
(BMD) changes and relief of back pain in clinical practice.
Methods. The patient population comprises 119 osteoporotic patients
treated with teriparatide for median 539 (range 179-926) days.
Results. The mean BMD gain was 0.9% in the total hip (P = 0.0075),
2.1% in the femoral neck (P= 0.0006), and 8.5% in the lumbar
spine (P = 0.0085). In the whole patient population age associ-
ated inversely with BMD changes in the total hip (P= 0.019)
and in the femoral neck (P= 0.0036). A history of significant
bisphosphonate pretreatment (n = 90) reduced BMD response
in the total hip (P= 0.039). The total exposure of any prior
bisphosphonate was negatively correlated with BMD response in
the total hip (P = 0.0421). Half of the patients reported relief of
back pain during the treatment. Leg pain, nausea, and dizziness
were most frequent adverse concerns.

Conclusions. Teriparatide works in clinical practice as well as
in clinical trials. Younger subjects benefited more than older
patients from teriparatide in the total hip and in the femoral neck.
Bisphosphonate pretreatment attenuated teriparatide-induced
BMD gain.

Key words: Back pain, bisphosphonate, bone mineral density,
osteoporosis, teriparatide

Introduction

Teriparatide is a recombinant human parathyroid hormone
(PTH)(1-34), which exhibits potent anabolic outcome on the
bones when given by intermittent subcutaneous injections (1). It
was approved in 2002 by the US Food and Drug Administration
(FDA) as the first anabolic agent for use in men and in postmeno-
pausal women with osteoporosis. The treatment is reccommended
to be used at the dose of 20 ug subcutaneously daily for up to 2

o Teriparatide-induced femoral BMD gain was more
pronounced in younger subjects.

e Teriparatide works in clinical practice as well as in
clinical trials, but prior bisphosphonate treatment
diminishes the teriparatide effect on BMD.

years, but at the time of the present study the accepted duration of
the treatment was 18 months in Europe.

Teriparatide improves skeletal architecture. Bone is gained,
which is recognized for example as increased trabecular thickness
and connectivity (2,3). Bone mineral density (BMD) increases
in cancellous bone; in postmenopausal women the mean rise
in the lumbar spine BMD has been 10%-14% and up to 5% in
the femoral neck over 1-3 years (4). Similar BMD changes have
been seen also in men (5) and in patients with glucocorticoid-
induced osteoporosis (GIOP) (6,7). In 19 months’ study of
postmenopausal women the risk of a new vertebral fracture
and non-vertebral fragility fractures were reduced by 65% and
35%, respectively (4). The prevention of vertebral fracture with
teriparatide has also been shown in men and in GIOP in both
sexes (8,9). Some controversy exists regarding the age dependency
of the teriparatide-induced BMD response (5,10,11). In a recent
meta-analysis the BMD gain was significantly reduced by increas-
ing age, in the spine but not in the hip (12). Side-effects have been
mild and generally do not require discontinuation of the therapy
(4). Dizziness and leg cramps have been the symptoms reported
significantly more in the teriparatide group than in the placebo
group and usually occur within a few hours of injection. About
3% of patients experience a significant increase in serum uric
acid content. Transient hypercalcemia has been detected in about
11% of patients on teriparatide therapy. Only 3% of patients need
a dose reduction (4).
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Antiresorptive bisphosphonates form the established first-
line medication for osteoporosis. Teriparatide is considered as a
second-line treatment after bisphosphonate therapy. However,
this practice is shadowed by the existing controversy whether
or not preceding antiresorptive treatment reduces the clinical
efficacy of teriparatide. Previous alendronate treatment has
impaired the anabolic effect of PTH(1-34) in some (13-15) but
not in all studies (16,17).

In this retrospective, observational study we examined the
effectiveness and safety of teriparatide in clinical practice. A
primary objective was to define the efficacy of teriparatide in
terms of BMD changes and relief of back pain in Finnish
patients with osteoporosis outside clinical trials. A secondary
objective was to explore the side-effects of teriparatide. According
to the reimbursement policy of the Social Insurance Institution
of Finland, bisphosphonates are considered as a primary and
teriparatide as a second-line therapy of osteoporosis (Figure 1).

Patients and methods

Patients

The study population consists of 119 individuals (113 women and
6 men), who received teriparatide at a dosage of 20 ug per day
on average for median (range) 539 (179-926) days. Mean age is
67.7 = 12.9 years. In the cohort teriparatide was initiated from
the year 2003 through 2007. During this time period 394 Finn-
ish patients were qualified to receive the reimbursement of the
costs of teriparatide therapy by the Social Insurance Institution of
Finland (Figure 1). The Social Insurance Institution did not accept
our application to utilize register data on the patients qualified for
the reimbursement. Thus the information requests were sent to
specialists, mainly endocrinologists, treating patients with osteo-
porosis at university and central hospitals; replies on 51 patients
were received (the so called non-Orton population). In addition,
data were collected on 68 patients treated with teriparatide at a
private clinic (Orton) in Helsinki (the Orton population). Patient
selection was based on the reimbursement criteria (see Figure
1) in the non-Orton population. In the Orton population BMD
at the level of osteoporosis (T score = —2.5) or of osteopenia
(—=1=T score > —2.5) combined with a vertebral fracture was
a prerequisite for teriparatide treatment. Most Orton patients
had had bisphosphonate pretreatment, but it was not considered
absolutely necessary as was the case for the non-Orton popula-
tion, and a few patients used teriparatide treatment without the
reimbursement by the state.

Reimbursement (50%) is available to a postmenopausal
woman who has suffered at least one fragility fracture
and
a) has osteporosis (T score < —2.5) and cannot use
bisphosphonates because of adverse events shown in
treatment trial
or
b) has severe osteoporosis (T score < —3.0) and
bisphosphonates have been proven inefficient regardless
of sufficient dosing, referring to
e adecrease in BMD > 5% in 1 year or a decrease in
BMD > 10% in 3 years
or
e anew vertebral fracture after 1 year of
bisphosphonate treatment

Figure 1. The criteria of the Social Insurance Institution of Finland for the
reimbursement of teriparatide at the time of the study.
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Clinically significant oral bisphosphonate therapy before teri-
paratide treatment was determined as follows: 2 to 24 weeks in the
last 6 months, 8 to 48 weeks in the last 12 months, or more than 48
weeks in the last 24 months. For intravenous bisphosphonates an
infusion during the past year was considered clinically relevant.
For estrogen, raloxifene, strontium ranelate, and calcitonin, treat-
ment for 1 month during the last 6 months preceding teriparatide
treatment was labelled of clinical importance.

Primary efficacy measures consist of changes in BMD (lumbar
spine, femoral neck, and total hip) and back pain before, during,
and after the therapy.

All patients had BMD measurement by dual-energy X-ray
absorptiometry (DXA) at baseline and a control examination
after at least 12 months’ teriparatide treatment. The exact dura-
tion of teriparatide treatment between DX As was median (range)
530 (179-784) days. Both Lunar Prodigy (GE-Lunar Inc. Madison,
WI, USA) and Hologic (Hologic Inc. Bedford, MA, USA) densito-
meters were employed; control and baseline measurements were
performed with the same machine. Serum N-terminal propeptide
of type 1 procollagen (P1NP) was analysed with radioimmuno-
assay, and urinary N-terminal telopeptide of type I collagen
(urinary NTx) was measured in spot samples with enzyme immu-
noassay in a commercial clinical laboratory using routine quality
control procedures. Also serum alkaline phosphatase (AFOS) was
occasionally measured. Symptoms of back pain were collected
when documented in patient reports.

Safety measures include all adverse events documented by
doctors taking care of teriparatide-treated patients. Special atten-
tion was paid to the occurrence of hypercalcemia, nephrolithiasis,
gout, and osteosarcoma. The announcements of adverse reactions
to the register of National Agency for Medicines were collected.

The study was approved by the ethical review board of Central
Finland Health Care District, Jyvéskyld, Finland. The permission of
the Ministry of Social Affairs and Health was received for the study,
and an announcement was sent to the office of the data protection
ombudsman.

Statistical analysis

Baseline characteristics and BMD data were compared between the
Orton and non-Orton patients with one-way analysis of variance or
Wilcoxon rank sum test based on the distribution of the variable. The
two study populations differed significantly by age. Consequently,
inclusion of both age and study population (Orton versus non-Orton)
as covariates into further analyses would have biased them, and thus
we decided to exclude the population from further analyses.

BMD changes over time (teriparatide effect) were examined
by repeated measures analysis of variance, which included age,
weight, corticosteroid intake, number of earlier fractures as cova-
riates. Age X time interaction was included in the model to evalu-
ate whether treatment effect differs by age. Furthermore, clini-
cally significant (see above) previous use of any bisphosphonate
was included in the model as well as bisphosphonate use X time
interaction to study if treatment effect differed by bisphosphonate
pretreatment. We also examined whether treatment effect has
any interaction with corticosteroid intake, weight, and number
of previous fractures. None of these interactions was statistically
significant, and these effects were not included in the final model.
The effect of alendronate pretreatment was evaluated by mul-
tiway analysis of variance, in a model in which alendronate use,
age, weight, corticosteroid intake, and number of fractures were
factors. Also Pearson correlation coefficients were calculated. All
tests were performed as two-sided with a 0.05 significance level.
The analyses were done with SASregister System (Version 9.2 for
Windows).
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Results

Baseline characteristics for the whole cohort and the Orton and
non-Orton subpopulations separately are presented in Table I.
The Orton patients were older (P<<0.0001), and they started
teriparatide sooner after stopping bisphosphonates than the non-
Orton patients (P<<0.0001). On average all the patients used 800
IU vitamin D and 1 g calcium daily during teriparatide treatment.
Ninety per cent of patients (1 =107) were reported to have 1-13
(median 4) fractures preceding teriparatide treatment. Eighty-two
patients had suffered a vertebral fracture, and of them 64 patients
had at least two fractured vertebrae. Thirteen patients had experi-
enced hip fractures, two of them twice. Forty-seven patients had
had one to four antebrachium fractures before teriparatide therapy.
The Orton population had fewer fractures at baseline than the non-
Orton subpopulation; for all fractures the difference was significant
(P=0.0021), but not for vertebral fractures (P = 0.2068).

Only 15 patients were bisphosphonate-naive, and 90 had received
clinically relevant bisphosphonate therapy with at least one prepara-
tion prior to teriparatide; 60 patients alendronate, 27 risedronate, 9
zoledronic acid, 1 pamidronate. Nine patients had clinically signifi-
cant raloxifene pretreatment, and 25 had used calcitonin. Only one
patient had received strontium ranelate as pretreatment. The dura-
tion of pretreatment bisphosphonate exposure was median (range)
848 (2-5258) days. The lag time (time from stopping bisphosphonate
to starting teriparatide) of any bisphosphonate was 0 (0-381) days. It
was less than 1 month for 83.3%, from 1 to 6 months for 12.2%, and
more than 6 months for 4.4% of the patients.

Follow-up time after teriparatide varied from few months to
2 years. No immediate post teriparatide antiresorptive treatment
was initiated for 12% of the participants. Bisphosphonates were
prescribed for 83 (alendronate 18, risedronate 28, ibandronate 5,
zoledronic acid 32), strontium ranelate for 11, raloxifene for 8,
and calcitonin for 2 patients after teriparatide.

The efficacy of teriparatide treatment

Bone mineral density

In the whole population the mean increases in BMD were 0.9%
in the total hip (P=0.0075) (n=99), 2.1% in the femoral neck

(P=10.0006) (n= 107), and 8.5% in the lumbar spine (P = 0.0085)
(n=105) (Table II). The percentage changes in the Orton and
non-Orton subpopulations were 1.9% and —0.3% for the total
hip, 3.0% and 0.9% in the femoral neck, and 8.6% and 8.3% for
the spine, respectively. The baseline adjusted BMD changes were
significantly different between the subpopulations except in the
vertebral site (Table II).

In the whole study population there was no correlation
between total hip or neck BMD and age, neither before nor
after PTH treatment (Table III). Instead, lumbar spine BMD was
directly correlated to age; elderly subjects had higher bone density
in the spine already at baseline.

In a statistical model with multiple relevant factors as
covariates (age, weight, glucocorticoid intake, number of
earlier fractures), age and weight were significantly associated
with BMD levels. Regarding BMD changes over teriparatide
treatment in the whole cohort, age associated inversely with
BMD changes in the total hip and the femoral neck, but not
in the lumbar spine (Repeated measures analysis of variance
ANOVA P=0.019, P=0.0036, and P =0.48; Table III). Thus,
younger subjects benefited more from teriparatide in the total hip
and the femoral neck than older patients. In the lumbar region
a similar effect was seen for only the non-Orton population; the
younger the patient the greater the BMD increase. In the whole
cohort weight was expectedly positively correlated with BMD
at the three sites (P <0.0001 in the total hip and the femoral
neck, P=0.0003 in the lumbar spine) but did not show any
association with BMD change.

Neither on-going glucocorticoid treatment (14 patients) nor
the number of earlier fractures had any significant association
with BMD levels or teriparatide-induced BMD change at any
site. Each vertebral fracture was calculated separately in the total
number of fractures.

Per cent BMD gain correlated negatively to baseline
BMD at all the measurement sites (P=0.0011 for the lum-
bar spine, P=0.084 for the femoral neck, P= 0.0041 for the
total hip). Thus, patients with lower baseline BMD had a
higher percentage response to teriparatide. Absolute BMD
changes were not statistically significantly associated to basal
BMD.

Table 1. Baseline characteristics (mean = SD, or median (range)) for the whole study population and Orton and non-Orton-subpopulations separately.

Total population Orton non-Orton
(n=119) (n=168) (n=>51) P

Age, years 67.7£12.9 722 *11.5 61.7+12.4 P <0.0001
Weight, kg 59.2*+10.8 59.6 9.5 58.6 =12.4 P=10.60
Height, cm 159.1 =8.2 158.8 =8.0 159.4 = 8.6 P=0.73
Gender, female/male 113/6 66/2 4714 P=0.40
Vitamin D intake, IU/d 600 (0-1600) 600 (0-800) 800 (0-1600) P=0.014
Calcium intake, mg/d 750 (0-1600) 750 (0-1000) 1000 (0-1600) P=0.014
Duration of teriparatide treatment (days) 539 (179-926) 547 (179-755) 532 (364-926) P=0.054
Duration of bisphosphonate pretreatment (days) 848 (2-5258) 772 (2-5258) 1037 (7-4001) P=10.090
Bisphosphonate lag time (days)? 0 (0-381) 0 (0-160) 0 (0-381) P <0.0001
Plasma-AFOS, U/L (n= 34) 76 (29-242)
Serum-PINP, ug/L (n= 12) 24.6 (13.2-53.7)
Urinary NTx, nmol/mmol creatinine (n = 13) 26 (12-117)
T score total hip —23*1.0 —23%*0.8 —24%+12 P=0.44
T score femoral neck —-2.5*0.8 —23*0.8 —2.6*+0.8 P=10.040
T score L1-L4 —245*1.6 —2.0*x14 —3.0*1.6 P=0.0008
Vertebral fractures, number of patients P=0.21

no vertebral fractures 37 (31%) 23 (34%) 14 (27%)

1 fracture 18 (15%) 11 (16%) 7 (14%)

=2 fractures 64 (54%) 34 (50%) 30 (59%)

P for differences between the subpopulations.
aTime from stopping bisphosphonates to starting teriparatide.
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Table II. Baseline BMD and its changes during teriparatide in the whole study population and in the Orton- and non-

Orton subpopulations separately.

Total population

Mean (SD) (n=119)

Baseline BMD (g/cm?)
Femoral neck BMD
Total hip BMD
Lumbar spine

(L1-L4) BMD

Change in BMD (%)

0.658 (0.111)
0.718 (0.117)
0.858 (0.202)

Femoral neck, g/cm? 2.1(7.4)
Total hip, g/cm? 0.9 (7.2)
L1-L4, g/cm? 8.5 (9.0)

Baseline adjusted
change in BMD (%)
Mean (SE)
Femoral neck, g/cm?
Total hip, g/cm?
L1-14, g/cm?

Orton Non-Orton

(n=168) (n=>51) P
0.696 (0.097) 0.609 (0.109) P <0.0001
0.735 (0.103) 0.693 (0.132) P=0.070
0.926 (0.173) 0.760 (0.202) P <0.0001

3.0 (6.3) 0.9 (8.6)

1.9 (4.1) —0.3(9.8)

8.6 (6.8) 8.3 (11.5)

3.6 (1.0) 0.1(1.1) P=0.022

2.2(0.9) —0.7 (1.1) P=0.041

9.7 (1.1) 6.8 (1.4) P=0.11

P for differences between the subpopulations.
n=number of patients at baseline.

Fractures

The number of fractures during teriparatide treatment was very low.
Six patients of the whole study population had 11 osteoporotic
fractures (2 hip, 7 vertebral, and 2 ankle fractures) while on
teriparatide treatment.

Markers of bone turnover

Bone turnover markers were measured in a few patients and in
the non-Orton subpopulation only. Paired samples at the begin-
ning of the treatment and during the follow-up of the treatment
were available for 34 patients for AFOS, 12 patients for PINP,
and 13 patients for urinary NTx. Median values (with range) for
paired samples before and during the teriparatide treatment were
as follows: 76 (29-242) U/L and 74 (35-188) U/L for AFOS, 24.65
(13.2-53.7) ug/L and 89.15 (40.10-305.20) pg/L for serum PINP,
26 (12-117) nmol/mmol creatinine and 69 (40-354) nmol/mmol
creatinine for urinary NTx.

Back pain

Back pain was commonly reported at the start of treatment.
Information of back pain was accessed for 106 patients at baseline;
85 of those reported back-ache. Fifty-seven patients described

Table III. Results of statistical analysis to explain teriparatide-induced BMD
changes. The depicted analyses of age, weight, number of fractures, on-going
glucocorticoid treatment, and any significant bisphosphonate treatment are
associations to BMD levels. The impact of age and any significant
bisphosphonate treatment are also shown as determinants of BMD changes
during the teriparatide treatment.

Total hip Lumbar spine
BMD Neck BMD BMD
Age P=0.24 P=0.50 P <0.0001
Treatment effect P=0.0075 P=0.0006 P=0.0085
(= time effect, change
over time)
Age X Treatment P=0.019 P=0.0036 P=048
Weight P <0.0001 P <0.0001  P=0.0003
Number of fractures P=0.50 P=0.46 P=0.74
On-going glucocorticoid P=0.96 P=0.65 P=0.75
treatment
Any significant bisphosphonate  P=0.0090 P=0.0002 P =10.40
treatment
Any significant bisphosphonate  P=0.039 ~ P=0.28 P=0.091

treatment X Treatment

pain relief while on teriparatide. At the end of the treatment only
15% of patients (n = 91) reported back pain.

The impact of the former osteoporosis therapy for
the effectiveness of teriparatide

Any clinically significant bisphosphonate pretreatment reduced
BMD response in the total hip (P=0.039); a similar trend was
seen for lumbar spine BMD response (P=0.091) (Table III,
Table IV). The length of any prior bisphosphonate treatment
was negatively correlated with BMD response in the total hip
(P=0.0421), but not in the other BMD sites.

Alendronate pretreatment was also a negative determinant
of basal BMD at the femoral sites (P=0.0283 for the total
hip, P=0.0694 for the femoral neck) when adjusted for age,
body weight, corticosteroid treatment, and the number of
fractures.

The safety of teriparatide treatment

Transient hypercalciuria was detected in 8% and temporary
hypercalcemia in 18% of the patients in the non-Orton popula-
tion. In the Orton population these parameters were not regularly
measured. Hypercalcemia was not considered clinically important
in any case and did not lead to dose adjustments or interruptions
of teriparatide treatment; calcium and vitamin D substitution was
reduced in three patients. In the Orton subgroup only one case
with an adverse event (costal pain) was reported. In the non-
Orton population adverse events were reported for 15 patients.
Injection site irritation, transient urticaria, arthralgia, hypo-
tension, and atrial fibrillation were all reported once. Leg pain
was reported by six subjects. In addition to leg pain one patient
had truncal myalgia, which led to discontinuation of treatment
after 1 year. This case was the only one reported to the National
Agency for Medicines. The patient recovered fully after stopping
teriparatide. Three patients had nausea and dizziness; one of these
patients was withdrawn from teriparatide after 17 months. In
one case hypertension and nausea led to an early interruption of
teriparatide therapy.

One case of pulmonary adenocarcinoma was diagnosed while
the patient was on the teriparatide treatment. Eight months after
fulfilling teriparatide therapy one patient presented with multiple
myeloma (18). No case of osteosarcoma was reported.
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Table IV. The effect of any significant bisphosphonate pretreatment on baseline BMD levels and their changes during teriparatide treatment (mean (SE)).

Total hip Femoral neck Lumbar spine (L1-L4)
n  Baseline (g/cm?) % Change  Baseline (g/cm®) % Change  Baseline (g/cm?) % Change
No significant bisphosphonate pretreatment 29 0.742 (0.020) 2.6 (0.8) 0.717 (0.019) 2.8 (1.1) 0.826 (0.033) 11.5 (1.4)
Significant bisphosphonate pretreatment 90 0.710 (0.014) 0.4 (0.9) 0.639 (0.012) 1.8 (0.9) 0.869 (0.023) 7.4 (1.1)
. . may also have contributed to different teriparatide responses
Discussion

In this retrospective study of 119 patients with osteoporosis
treated in everyday clinical practice, teriparatide treatment
increased BMD 8.5% in the lumbar spine, 2.1% in the femoral
neck, and 0.9% in the total hip. These figures are virtually identi-
cal to teriparatide-induced BMD changes initially published by
Neer et al. (4). The response was more pronounced in younger
versus older patients, especially in the femoral neck and
the total hip. Any clinically relevant bisphosphonate treatment
attenuated teriparatide-induced BMD gain in the total hip.
The BMD response at the femoral sites (but not in the
lumbar spine) was lower, the longer the pretreatment exposure to
bisphosphonates.

The most important limitation of the present study is the
heterogeneous structure of the patient cohort with the two
subgroups. In the first place this originates from the very strict
reimbursement policy in Finland that only patients with severe
osteoporosis can use teriparatide with low costs. On the other
hand, we have patients who are ready to pay more for the drug
and start using it with less strict indications. In addition, the Social
Insurance Institution did not allow us access to register data on
the patients who qualified for the reimbursement. Consequently,
the present cohort represents at most one-third of the patients
who used teriparatide in Finland during the study years.

In the whole study population age was inversely correlated to
the BMD gain in the hip and also to that in the lumbar spine in
the non-Orton subpopulation.

In contrast to our finding, Marcus and co-workers (10) found
that teriparatide increased vertebral BMD more in an older age
group (women over 65 years) than in younger postmenopausal
women (younger than 65 years), but this was not translated to
a reduction in vertebral fracture incidence. The mean age in
that study was 70 years, and all participants were at least 5 years
beyond menopause (mean 21 years). In the Fracture Prevention
Trial women aged 75 and older had similar teriparatide-induced
BMD effect in the femoral neck to that of younger women. In the
spine, despite similar percentage changes in the BMD, the treat-
ment effect was diminished in the older patient group because
of greater BMD increase in the placebo group (11). In men the
effect of teriparatide has been reported to be independent of age
(5). Interestingly, in a recent meta-analysis increasing age at-
tenuated the PTH-induced BMD gain in the spine but had no
effect in the hip (12). Both teriparatide and PTH(1-84)-treated
patients were included in that analysis. In our study, increasing
age attenuated the teriparatide response also in the femoral sites.
The mean age in our study was 68 years, but the age range was
wide (23-92 years), which may at least partly explain the inverse
relationship between age and the skeletal response to teriparatide.
We did not see age dependency of teriparatide response in the
spine in the Orton population, in which most patients irrespec-
tively of age received a good BMD response in the lumbar spine.
Of 15 bisphosphonate-naive patients in our cohort, 14 were in
the Orton group, which may have contributed to different lumbar
spine BMD gains between the groups. In terms of overall disease
history (not shown) the subjects at the private clinic Orton were
older but healthier than patients in the non-Orton group, which

in the spine. It is possible that the skeletal effect of teriparatide
is affected not only by age but also by overall health status of
the patient. Finally, excluded is not the possibility that the
higher age of the Orton patients resulted in more frequent
degenerative changes in the spine artificially increasing BMD and
consequently masking the inverse relationship between age and
BMD change.

In the present study previous fracture history did not have
a significant impact on the response to teriparatide treatment.
Instead, patients with lower versus higher baseline BMD
benefited more from teriparatide treatment in terms of per cent
BMD gain. However, absolute BMD changes were not signifi-
cantly associated to the basal BMD. Marcus and co-workers have
reported a consistent finding of an inverse correlation between
baseline vertebral BMD and percentage but not absolute gain in
BMD (10).

Bisphosphonates inhibit the teriparatide-induced increment
in bone turnover and consequently the augmentation of BMD
(19). Theoretically the suppression of the function of osteoclasts
might diminish the anabolic effect of PTH due to impairment of
the remodelling cycle. One-year alendronate pretreatment post-
poned the effect of teriparatide on biochemical markers and BMD
by 6 months in postmenopausal women (15). Even 6 months’
pretreatment with alendronate blunted the teriparatide-induced
increase in bone turnover markers in men (20). However, in a
retrospective study of 52 patients from UK, no reduction in the
teriparatide-induced BMD gain was observed in patients with
versus without prior exposure to bisphosphonates, even though
P1INP increases were slightly suppressed (16). In an open-label,
prospective study of 39 patients no influence of prior alendronate
or risedronate was seen in teriparatide-induced gains in BMD or
in rises of bone turnover markers over 12 months (17). Some
investigations indicate that bisphosphonates have dissimilar
influences on the anabolic effect of teriparatide (21), but the
observations have not been constant (22). In the Eurofors study
the duration of bisphosphonate pretreatment did not affect
the BMD response (22). In the present study the duration of
pretreatment exposure to bisphosphonates contributed to the
BMD change at the femoral sites, but not significantly at the
lumbar spine.

Teriparatide has been shown to reduce back pain (23). In this
clinical patient material 67% of patients with back pain at the start
of teriparatide treatment reported pain relief during therapy; in
the absence of the control group the significance of this finding
remains, however, open.

Persisting hypercalciuria has been reported in 3% of teriparatide-
treated patients, and less than 1% demanded dose adjustments
regarding either calcium or teriparatide (24). In this patient
series the dosage of calcium or vitamin D was reduced in 2.5% of
patients. Three patients interrupted teriparatide treatment, one
for myalgia and leg pain and two for nausea.

The non-homogeneous patient material in this clinical study
comprises a limitation, which is emphasized by two different
subgroups. Without access to the registry information we had to
collect patient data directly from clinicians. Consequently, our
cohort comprises at maximum 30% of the Finnish patients treated



with teriparatide from 2003 through 2007. Because of the strict
Finnish reimbursement criteria, most patients had severe osteo-
porosis and thus a really justified need for anabolic treatment of
osteoporosis. Our findings on the response-lessening effect of
high age and prior exposure to bisphosphonates indicate that the
potent anabolic therapy with teriparatide should be considered
for patients with significant osteoporosis at an earlier phase of the
disease.

Conclusions

In the present clinical patient material teriparatide treatment
increased bone mineral density to the same extent as in
previous randomized studies. The BMD response in the total
hip and in the femoral neck was higher in younger than older
patients. Bisphosphonate pretreatment reduced teriparatide-
induced BMD increases. No unexpected safety trouble was
perceived.
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