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SUMMARY

Anabolic drugs have recently widened therapeutic options in osteoporosis treatment, as they
influence processes associated with bone formation to a greater extent and earlier than bone
reabsortion. They positively affect a number of skeletal properties besides bone density, as in-
termittent administration of parathyroid hormone (PTH) results in an increase in the number
and activity of osteoblasts leading to an increase in bone mass and improvement in skeletal
architecture at both the trabecular and cortical bone. Human recombinant parathyroid hormo-
ne (hrPTH 1-84) and human recombinant PTH peptide 1-34 (teriparatide) belong to this group.
The objective of this paper is to review PTH actions, benefits and adverse effects, action on
biochemical markers, combination therapy with antiresorptive agents, impact of antiresorptive
therapy prior to anabolic treatment, sequential treatment, and effect on glucocorticoid-induced
osteoporosis. Arq Bras Endocrinol Metab. 2010;54(2):213-9
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SUMARIO

As drogas anabdlicas ampliaram recentemente as opgoes terapéuticas no tratamento da osteo-
porose e influenciam em maior escala os processos relacionados com a formagao dssea, que
ocorrem antes do efeito na reabsorcdo. Essas drogas afetam um grande nimero de proprieda-
des esqueléticas, além da densidade mineral 6ssea. A administracao intermitente de PTH leva
a um aumento do nimero e atividade dos osteoblastos, ocasionando aumento da massa 6ssea
e melhora da arquitetura, tanto do osso trabecular quanto cortical. O paratormonio recombi-
nante humano (hrPTH 1-84) e o peptideo recombinante humano 1-34 (teriparatide) pertencem
a esse grupo de agentes. O objetivo deste artigo é revisar as agoes, os beneficios e os efeitos
adversos do PTH, assim como sua agao nos marcadores bioquimicos do metabolismo 6sseo, a
terapia combinada com drogas antirreabsortivas, o impacto do uso dos antirreabsortivos antes
do tratamento anabdlico, o tratamento sequencial e o tratamento da osteoporose induzida por
glicocorticoides. Arq Bras Endocrinol Metab. 2010;54(2):213-9
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INTRODUCTION

A;ivances in the management of osteoporosis have
een accomplished in the last years. Although a
great variety of drugs are available today, treatment of
osteoporosis is primarily based on antiresorptive agents,
like bisphosphonates; estrogens; the selective estrogen
receptor modulator, raloxifene; calcitonin and stron-
tium ranelate. The mechanisms of action differ within
and between these classes of drugs, but inhibition of
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osteoclast-mediated bone reabsortion can be conside-
red a final common pathway (1).
Anabolic drugs have recently widened therapeutic op-

tions, as they influence processes associated with bone for- -
mation to a greater extent and earlier than bone reabsor-
tion. Anabolic agents positively affect a number of skeletal -
properties besides bone density (2). Human recombinant -

parathyroid hormone (hrPTH 1-84) and human recom-
binant PTH peptide 1-34 (teriparatide) belong to this
group of agents.
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The use of PTH in the treatment of osteoporosis

PTH is produced by the parathyroid glands and
plays a major role in the regulation of calcium and phos-
phate metabolism. A continuous endogenous produc-
tion or exogenous administration of PTH as is the case
in primary or secondary hyperparathyroidism can lead
to deleterious consequences to the skeleton, particu-
larly for cortical bone. However, intermittent adminis-
tration of PTH results in an increase in the number and
activity of osteoblasts leading to an increase in bone
mass and improvement in skeletal architecture at both
trabecular and cortical bone (3). Osteoblasts, bone
lining cells, and bone marrow stromal cells have PTH
receptors, and intermittent PTH stimulates these cells
through the modulation of cAMP concentrations and
cAMP-dependent protein kinase A. The PTH recep-
tor also activates the calcium protein kinase C pathway,
stimulating proliferation of cells in the osteoblastic lin-
eage (4). Additional mechanisms of PTH signal propa-
gation and control include internalization of the PTH
receptor its association with importins and its nuclear
translocation, where it may regulate gene transcrip-
tion. The exact signaling pathway responsible for the
anabolic effect is not known, but the various pathways
used by PTH may determine whether it has anabolic or
catabolic actions. The Wnt-B-catenin pathway has gen-
erated interest because the expression of Wnt antago-
nist sclerostin is down-regulated by PTH, and this may
partially account for the anabolic actions of PTH. The
molecule teriparatide (TPTD) exerts its anabolic effect
at least in part by stimulating the MAPK, phospholi-
pase A and D pathways and, thus, modulating differ-
entiation, proliferation, and activity of osteoblast pool,
stimulating differentiation and activation of quiescent
lining cells, increasing the life span of osteoblasts and
osteocytes by inhibiting their apoptosis. Some of these
effects are mediated by activation of other pathways,
like Runx2, or modulation of synthesis and release of
local mediators including Wnt, BMPs, TGF-b, IGF-1,
FGF-2 and IL-6 (4,5) (Figures 1A and 1B).

BENEFICIAL EFFECTS OF PTH TREATMENT

2 There were statistically significant benefits from using

eriparatide 20 mcg, in relation to placebo, consider-
ng the following outcomes: reduction in the number
of new vertebral fractures (relative risk (RR) 0.35); re-
duction in the number of new non-vertebral fractures
(RR 0.54); increased whole-bone density (RR 3.1),
increased lumbar BMD (RR 9.6); increased femoral
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Figure 1. Mechanism involved in the anabolic effect of PTH. A. PTH
increases osteoblast number (A) by increasing the development of
osteoblast, (B) inhibiting osteoblast apoptosis, and (C) reactivating lining
cells to resume their matrix synthesizing function. B. Shows the anti-
mitotic effect of PTH on osteoblast progenitors and apoptosis induction.
These effects account for the regulation of growth factors produced locally
or released from the bone matrix and concomitantly show the increase in
osteoblast number through its effect of preventing adipocyte differentiation.
Adapted from Jilka (5).

BMD (RR 3.6) (6). Further post hoc analysis of this
cohort demonstrated that the fracture risk reduction
was largely independent of age and initial BMD (7).

Monitoring of osteoporosis therapy based solely on
dual energy X-ray absortiometry (DXA) is insufficient to
assess anti-fracture efficacy, and it is already known that
PTH has important benefits on bone quality (8). Treat-
ment with teriparatide leads to bone strength increases
for different loading conditions of about 30% (9).

The beneficial effects of TPTD on bone qualities are
seen in cancellous skeleton. At the cortical site, PTH
does not typically increase bone density and there may
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be a small decline in BMD in association with an in-
crease in cortical porosity. However, this does not trans-
late into decreased bone strength because porosity only
occurs in the inner one-third of bone, where mechanical
effect is minimal. Other salutary effects occur at cortical
bone, such as: periosteal apposition, increased cortical
area, cortical thickness and cross-sectional area (10).

Animal experiments show a dramatic improvement
of skeletal repair by teriparatide. Postmenopausal wom-
en with a distal radial fracture in need of closed reduc-
tion, but not surgery, were assigned to eight weeks of
teriparatide; median time to complete cortical bridg-
ing was analyzed, and time to heal was shorter than
placebo. Acceleration of fracture repair was shown, but
this data needs further studies (11). Teriparatide can
significantly reduce the occurrence of new adjacent and
nonadjacent vertebral fractures (12), and yet women
on TPTD who lost neck BMD still had significant re-
ductions in vertebral fracture risk (13). There was also
an improvement in emotional functioning, relating to
fear of falling, alleviation of pain symptoms and im-
provement in health-related quality of life in this osteo-
porosis treated patients (14).

EFFECTS ON BIOCHEMICAL MARKERS

Studies have shown that teriparatide induces large in-
creases in biochemical markers of bone formation after
one month of therapy followed by a delayed increase in
bone resorption markers, with important implications
for monitoring patients treated with this drug (15).
This difference in the rise of bone markers produces
what has been termed “the anabolic window”, a period
when bone formation is greater than bone resorption
(16) Figure 2. A study published by Glover and cols.
(17) showed a rapidly and robust increase of PIND
(type I collagen C-terminal propeptide) during the first
two days of teriparatide of 8.2% and continued until
the end of treatment in 28 days to 110%. Osteocalcin
(OC) showed a similar but less pronounced pattern.
PINP, OC and bone alkaline phosphatase (bone ALP)
increased at least 75% at the end of treatment (17).

Another study comparing risedronate versus teripa-
ratide on bone turnover markers in women with post-
menopausal osteoporosis showed reduction in PIND,
CTX (C-terminal telopeptide of type 1 collagen), and
total ALP levels in the risedronate group and increased
in the teriparatide group throughout the one year treat-
ment, as it would be expected (18).
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PTH as an anabolic agent for bone:
A kinetic model

Bone formation markers
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“Anabolic window”
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Figure 2. PTH anabolic window. The anabolic window is based on the
bone marker response to PTH and is the time of its maximum anabolic
effect. Adapted from Rubin and Bilezikian with permission (16).

CONCURRENT THERAPY WITH AN
ANTIRESORPTIVE AGENT

It was considered that giving an antiresorptive agent
may increase the anabolic window by preventing the
increase in bone resorption with teriparatide treatment,
but bisphosphonate administration may affect PTH re-
sponse. The studies of Black and cols. (19) and Finkel-
stein and cols. (20) showed smaller increases in BMD
by QCT and in antiresorptive response in the bone
turnover markers following the concurrent use of alen-
dronate and PTH (1-84) and teriparatide respectively.
It is postulated that frequent bisphosphonate exposure
inhibits protein prenylation in preosteoblasts, and thus
reduces the ability of PTH to activate bone-lining cells
into matrix-secreting osteoblasts, a crucial step in the
early bone anabolic response to PTH. Other antire-
sorptive agents, such as estrogen and raloxifene do not
appear to blunt this anabolic effect (21).

CYCLIC THERAPY OF TERIPARATIDE

Cosman and cols. (22) reported the results of 2 studies
where TPTD were given cyclically. In the first study,
women with osteoporosis continued on alendronate
and received cyclic TPTD, daily treatment of 3 months

on/3 months off for 15 months, produced similar =

BMD effects (by DXA) to daily continued TPTD, de-
spite the fact that only 60% of the total TPTD dose was
given. In the second study, 139 postmenopasual wom-
en with osteoporosis by BMD who were either treat-
ment-naive (n = 67) or on prior alendronate treatment
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TPTD over a 2-year treatment period. Preliminary re-
sults showed that there were no significant differences
in BMD change at either skeletal site between the cyclic
and daily treatments within either group (alendronate-
treated or treatment-naive), suggesting that the cyclic
approach may be preferable to daily TPTD administra-
tion, to increase BMD in both alendronate-treated and
treatment-naive women (22).

IMPACT OF ANTIRESORPTIVE PRIOR
TERIPARATIDE TREATMENT

Concurrent use of bisphosphonate therapy reduces the
anabolic effect of teriparatide. Consequently, in clini-
cal practice bisphosphonates could be discontinued and
teriparatide held for a few months to allow bone turn-
over to increase. Keel and cols. (23) carried out a study
to evaluate the effect of wash-out on treatment response
to teriparatide after bisphosphonate and naive patients,
who were followed prospectively over 12 months. The
magnitude of the increase in bone markers was com-
parable in both patient groups irrespective of prior
bisphosphonate exposure; similarly, increases in BMD
after 12 months were not significantly different between
treated and naive patients. Besides this, the response of
teriparatide was not related to the duration of bisphos-
phonate wash-out (median duration 4.2 months). In
this study, wash-out does not appear to influence treat-
ment effect and teriparatide therapy can be started im-
mediately after ceasing bisphosphonate therapy (23).

Suppression of bone turnover by bisphosphonates
is associated with increased bone microdamage accu-
mulation in animal models. A study investigated the
effects of teriparatide treatment on changes in micro-
damage accumulation at the iliac crest in previously
treatment-naive patients or in those switched from
alendronate to teriparatide. Teriparatide reduces mi-
crodamage accumulation in patients previously treated
with alendronate (24).

Comparing raloxifene with alendronate used 18
months or more, prior or added to teriparatide treat-
ment, in postmenopausal women, greater bone turn-
over increases were achieved by switching to teripara-
tide, while greater BMD increases were achieved by
adding teriparatide (25).

It is possible, that it is not the specific antiresorptive
used prior to teriparatide that dictates the subsequent
densitometric response but rather the extent to witch
bone turnover is reduced (2).
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SEQUENTIAL TREATMENT AFTER TERIPARATIDE

Sequential treatment with an antiresorptive agent is be-
lieved to preserve or further increase BMD, as TPTD
is approved in most countries for a treatment period of
18-24 months. It is unclear which therapy should be
given after stopping teriparatide for osteoporosis. After
medication is stopped, the decline in BMD is greater
in women than in men (26). EUROFORS study com-
pared BMD effects and clinical safety of continued
teriparatide to complete 24 months or follow-up treat-
ment after 1 year of teriparatide with raloxifene or no
active treatment. Patients receiving raloxifene in year
2 had no further change in spine BMD from year 1
(change from baseline, 7.9%) whereas no active treat-
ment had a BMD decrease of 2.5% in year 2 (change
from baseline, +3.8%). At total hip, BMD increases
from baseline at 2 years were of 2.5% with teriparatide,
2.3% with raloxifene and 0.5% with no active treatment.
BMD increases progressively over 2 years of teripara-
tide treatment in women with severe osteoporosis and
after discontinuation of teriparatide, raloxifene main-
tains spine BMD and increases hip BMD (27).

Strontium ranelate (SR) is thought to uncouple
bone remodeling resulting in increased BMD and re-
duced fracture risk, and SR following TPTD adminis-
tration further increases BMD and could represent an
effective sequential treatment (28).

GLUCOCORTICOID-INDUCED OSTEOPOROSIS (GIOP)

Glucocorticoids affect both trabecular and cortical
bone and a vertebral fracture can be the first symptom
of the GIOP, therefore, efficacious therapies are need-
ed to counter their deleterious effects on the skeleton.
Current guidelines for GIOP management recommend
bisphosphonates, especially alendronate and risedronate
as first line agents for GIOP, and guidelines propose the
preventive use of bisphosphonates early in the course of
glucocorticoid (GC) therapy in high-risk patients.
More recently, efficacy data have demonstrated that
teriparatide is an efficacious treatment for patients with
GIOP compared with an approved treatment, such as
alendronate (29). At 18 months, increases in lumbar
spine BMD were significantly greater in the teriparatide
versus alendronate group in postmenopausal women
(7.8% vs. 3.7%, p < 0.0001), premenopausal wom-
en (7.0 »s. 0.7%, p < 0.001), and men (7.3% vs. 3.%,
p = 0.03) (30). Due to the results obtained in clinical
trials, teriparatide has recently received an indication for
GIOP and label indication has also been expanded (4).
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ADVERSE EVENTS OF PTH TREATMENT

The following side effects were more frequent in the
teriparatide group than in the placebo group: headache
(RR 1.4), nausea (RR 2.34), cramps (RR 3.22) and
hypercalcemia (RR 9.73) (6).

PTH induces hypercalcemia by its own mechanism
of action increasing bone turnover, which may mobi-
lize skeletal calcium stores; increase renal production
of 1,25-dihydroxyvitamin D, which increases gastro-
intestinal absorption; and increase the renal tubular
reabsorption of calcium. At Fracture Prevention Trial
(EPT), hypercalcemia (above 10.6 mg/dL) was seen in
11% of the patients administrated 20 mcg/day teripa-
ratide soon after administration (4 to 6 hours) and con-
secutive hypercalcemia was observed in 3% and was not
sustained (5). The FDA (Food and Drug Administra-
tion) has no recommendation for monitoring the se-
rum calcium in these patients, however, there are some
questions to be considered. 1) Observe the calcium and
vitamin D intake including total dietary and supple-
mental intake; 2) Serum calcium should be checked at
least once in the first month after starting the therapy. If
hypercalcemia occurs, repeat the calcium measurement
in 1 to 2 days, if persistent, calcium intake could be
reduced or stop teriparatide and recheck serum calcium
in 7 to 10 days (31).

Hypercalciuria has a small risk of occurrence and de-
cisions regarding teriparatide effects on urinary calcium
excretion must be interpreted in the context of total
clinical picture. Patients with renal stones or hypercal-
ciuria before treatment should be investigated from a
metabolic standpoint, define the cause and correct it
as a first step. Monitoring calcium excretion is not rec-
ommended in patients with no renal stones or normal
basal urinary calcium (31).

In the FPT serum uric acid increased above the upper
limit of normal (range = 13% to 20% of the teriparatide
treated group) without any incidence of gout and there
is no guidance regarding management of patients with
uric acid disorders, so, clinical judgment must prevail.

Since its approval by theFDA in December 2002,
teriparatide has been safely used by more than 600,000
patients (31). There was a concern that teriparatide
might increase the risk for patients to develop osteo-
sarcoma, as almost 45% of the rats treated with this
drug at the highest-tested dose level developed this ag-
gressive form of bone cancer. There are two cases of
patients who have received teriparatide treatment for
osteoporosis and possibly developed osteosarcoma, but
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in these cases other risk factors were present, such as
prior radiation exposure which must be questioned be-
fore clinical use of the drug (32). Balancing the proven
benefits of teriparatide shown by clinical trials with the
theoretical risk for teriparatide-induced osteosarcoma,
the FDA mandated both a black-box warning and a
company postmarketing surveillance program (33).

Therefore, this medication must continue to be
contraindicated for patients who are at risk of develop-
ing osteosarcoma, such as those with unexplained high
phosphatase alkaline levels, Paget’s disease, or those
who have undergone irradiation on the bones. More-
over, it must be contraindicated for patients with hy-
percalcemia or hyperparathyroidism (34).

PTH ANALOGS

Full-length recombinant human PTH (1-84) has been
investigated in the management of postmenopausal os-
teoporosis. It has been postulated that the C-terminal
region of PTH, which teriparatide lacks, also has bio-
logical functions in the bone that are mediated by a re-
ceptor specific for this region of the hormone. Research
suggests that PTH 1-84 is likely not to have an associa-
tion with osteosarcoma in rats due to the pro-apoptotic
effects of C-terminal PTH fragments that maintain
normal bone cell turnover (3).

No comparative studies exist between PTH 1-34
and PTH 1-84, so no clear pronouncements can be
made about the potential differences in effectiveness
and safety. As regards the efficacy, a convincing reduc-
tion of vertebral fractures was shown in both cases and
a reduction of non-vertebral fractures was shown in
the case of PTH 1-34 only. Another significant resem-
blance is that both have a strong anabolic action. As re-
gards the side effect profile, PTH 1-84 appears to have
higher incidence of hypercalcemia, hypercalciuria and
nausea than teriparatide, but these differences could
be ascribed to differences in definitions and /or patient
populations (35).

TRANSDERMAL TERIPARATIDE ADMINISTRATION

A novel transdermal patch, providing rapid pulse de-
livery of TPTD, may provide a desirable alternative
to daily subcutaneous (s.c.) teriparatide injections.
A study with 165 postmenopausal women with osteo-
porosis was realized to determine the safety and efficacy
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and s.c. TPTD 20-microg injection. A TPTD patch
with a 20-, 30-, or 40-microg dose or a placebo patch
was self-administered daily for 30-min wear time, or 20
microg of TPTD was injected daily during 6 months.
TPTD delivered by transdermal patch significantly
increased lumbar spine BMD versus placebo patch in
a dose-dependent manner at 6 months (P < 0.001).
TPTD 40-microg patch increased total hip BMD
compared to both placebo patch and TPTD injection
(P < 0.05). All treatments were well tolerated, and no
prolonged hypercalcemia was observed (36).

COST-EFFECTIVENESS OF TERIPARATIDE
TREATMENT

A recent cost-effectiveness analysis from Sweden sug-
gested that teriparatide may be cost-effective compared
with no treatment (37). Teriparatide may prevent frac-
tures in comparison to alendronate in women with se-
vere osteoporosis, although it is more expensive. Liu and
cols. (38) evaluated cost-effectiveness of usual care (UC)
calcium and vitamin D supplementation with 3 strategies
of therapy plus UC: alendronate therapy alone, teripa-
ratide alone, and teriparatide followed by alendronate.
Postmenopausal white women with severe osteoporo-
sis were evaluated. Teriparatide alone is more expensive
and produces a smaller increase in quality-adjusted life-
year (QALY) than therapy with alendronate. Sequential
teriparatide /alendronate therapy appears expensive but
could become more cost-effective with reductions in
teriparatide price, restriction of use in high-risk women,
or if short courses of teriparatide could provide the same
fracture reduction efficacy as those reported in longer
clinical trials (38). These data are limited to treatment-
naive women and may not be applicable to patients re-
ceiving treatment for osteoporosis.

CONCLUSION

Teriparatide is an anabolic therapy that improves bone
density, reduces vertebral and nonvertebral fracture
incidence, and improves geometric and microarchitec-

. tural properties of bone, approved for the treatment of
. osteoporosis in postmenopausal women and in men at
~ high risk for fracture. It should be considered as first-
- line therapy in patients at high risk for fracture, or in

patients for whom the physician is not satisfied with the
effectiveness of other registered therapies (31). Patients
who experience a fracture on antiresorptive therapy are

218

also eligible for treatment with teriparatide, which is
also the case in treatment-naive patients with prevalent
fracture and glucocorticoid-induced osteoporosis (21).
Overall, teriparatide is very well tolerated and safe in
most patients.

Disclosure: no potential conflict of interest relevant to this article
was reported.
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