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ABSTRACT

Objectives: Back pain is a major cause of
suffering, disability, and cost. The risk of
developing back pain was assessed following
treatment with teriparatide [rh(PTH 1-34)] in
postmenopausal women with osteoporosis.

Research design and methods: A secondary
analysis of back pain findings from the global,
multi-site Fracture Prevention Trial was conducted
where postmenopausal women with prevalent
vertebrat fractures were administered teriparatide
20pg (n= 541) or placebo {n = 544) for a median
of 19 months. Treatment-emergent back pain data
were collected during adverse event monitoring,
and spine radiographs were obtained at baseline
and study endpoint.

Main outcome measures. The risk of back
pain stratified by severity of new or worsening
back pain and the risk of back pain associated
with both number and severity of new vertebral
fractures.

Results: Women randomized to teriparatide
20ug had a 31% reduced relative risk of
moderate or severe back pain (16.5% vs. 11.5%,
P=0.016} and a 57% reduced risk of severe back
pain (5.2% vs. 2.2%, P= 0.011). Compared with
placebo, teriparatide-treated patients experienced
reduced relative risk of developing back pain
associated with findings of: one or more new
vertebral fractures by 83% (6.5% vs. 1.1%,

P < 0.001), two or more new vertebral fractures
by 91% (2.5% vs. 0.20%, P= 0.004), and one or
more new moderate or severe vertebral fractures
by 100% (5.1% vs. 0.0%, P < 0.001).

Conclusions. Teriparatide-treated women had
reduced risk for moderate or severe back pain,
severe back pain, and back pain associated with
vertebral fractures. The mechanism of the back
pain reduction likely includes the reduction both
in severity and number of new vertebral
fractures.

* Data previously presented at the 25th Annual Meeting of American Society for Bone and Mineral Research. Minneapolis,
MN, 19-23 September 2003 and the 68th Annual Scientific Meeting of the American College of Rheurnatology, San

Antonio, TX, 16-21 October 2004
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introduction

Osteoporosis is a skeletal disease characterized by
reduced bone strength leading to increased skeletal
fragility and increased risk for bone fracture'. Vertebral
fractures are the most common fractures occurring in
women with osteoporosis?. Prevalence of vertebral
fracture substantially increases with age with more
than 30% of women aged 75 and 50% of women aged
85 and older having sustained a vertebral fracture’.
Approximately 10% of postmenopausal women with
radiographically defined vertebral fractures have chronic
symptoms including severe back pain, functional and
psychological impairment, kyphosis, and height loss*.

Back pain and functional limitation significantly
increase following a vertebral fracture?, and chronic
back pain is more frequent in patients with multiple
fractures®. Deformity, disability, and pain that occur in
association with vertebral fractures may have profound
psychological consequences on patients including
increased anxiety, depression, and loss of self-esteem®.
These consequences contribute to diminished quality
of life’®. In 2002, the care of osteoporotic fractures
in'the United States cost an estimated $17.5 billion®.
Vertebral fractures account for approximately 25% of
annual hospital admissions related to osteoporosis with
average hospitalization charges totaling between 50-63%
that of hip fractures''’. Recently, annual hospitalization
expenditures associated with vertebral fractures were
estimated at $500 million in the United States and
€377 million in Europe'®"'. The majority of these costs
are associated with the treatment of back pain and back-
related disability due to vertebral fractures.

The present study includes secondary analyses from
the Fracture Prevention Trial, a randomized double-
blinded, placebo-controlled trial of postmenopausal
women with osteoporosis conducted to determine the
effects of teriparatide [rh(PTH 1-34)] on fracture
risk'2. Compared with placebo, women treated with
teriparatide 20 ug had significant reductions in the risk
for new vertebral fractures, moderate or severe vertebral
fractures, and multiple vertebral fractures'?. Women
randomized to teriparatide 20ug had a 26% reduced
relative risk of any new or worsening back pain (23%
vs. 17%, number needed to treat = 17, P = 0.017)
compared with placebo'. This report includes additional
secondary analyses of back pain from the Fracture
Prevention Trial: First, it was hypothesized that women
treated with teriparatide 20 g had a reduced risk for
moderate or severe back pain. Second, the time course
of the reduction in back pain was explored. Third, it
was hypothesized that women treated with teriparatide
20ug had a reduced risk for back pain associated with
vertebral fractures, multiple vertebral fractures, and
more severe vertebral fractures. Finally, analyses of the
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association of vertebral fracture severity and number
of incident vertebral fractures with back pain in the
placebo and teriparatide 20 ug groups were conducted.

Methods

Study group

The methods for the Fracture Prevention Trial have
previously been published!?. Briefly, women at least
5 years postmenopausal with previous vertebral
fractures were randomized to receive teriparatide 20 g,
teriparatide 40pg or placebo therapy by once-daily
subcutaneous self-injection for a median of 19 months.
Patients received daily calcium (1000 mg) and vitamin
D (400-12001U) supplements. Patients with fewer
than 2 moderate vertebral fractures were required to
have bone mineral density at the hip or lumbar spine
at least 1 standard deviation (SD) below the mean of
normal premenopausal white women (age range, 20 to
35 years). Patients were excluded if diagnosed with any
disease known to affect bone or calcium metabolism,
urolithiasis within 2 years, serum creatinine level
greater than 2mg per deciliter, alcohol or drug abuse, or
medication use known to alter bone metabolism within
the previous 2 to 24 months depending on the drug.
Institutional review board approval was obtained at all
study sites and written informed consent was obtained
from each patient. The study methods and procedures
were conducted according to the ethical standards of
the Declaration of Helsinki.

Assessment of back pain

Back pain data were collected during adverse event
monitoring at each study visit. Patients were defined
as having back pain if they reported new or worsening
back pain after initiating study drug. All reports of back
pain were recorded on case report forms that included
instructions for investigator assignment of adverse event
severity as mild, moderate, or severe. Criteria for classi-
fication as mild were no change in physical activity with
occasional medication use for relief of symptoms. Criteria
for moderate included mild disruption in daily physical
activities and regular medication use for alleviation of
symptoms.. Criteria for severe included major disruption
in daily physical activities, additional medication use, and
further treatment possibly including hospitalization.

Vertebral fracture assessment

Radiographs of the spine were obtained at baseline
and at study conclusion. Evaluation of radiographs was
performed at a central location (OARG, UCSF) by a

© 2005 LIBRAPHARM LTD -~ Curr Med Res Opin 200S; 21(7)



radiologist blinded to treatment-group assignment.
Vertebral fracture severity was assessed using a visual
semiquantitative grading system'®. Briefly, a mild
fracture was defined as a 20-25% reduction in anterior,
middle or posterior vertebral height. Moderate and
severe vertebral fractures were defined as a 25-40%
reduction and greater than 40% reduction in vertebral
height, respectively. Reporting of new vertebral
fractures occurred upon identification of a new vertebral
deformity. Vertebrae that were scoliotic, fused, or had
other anomalies that prevented radiographic assessment
were not graded.

Statistical analyses

Data from patients randomized to teriparatide 20 g,
the dose now approved for use in hurnans, or to placebo
treatment are presented in this manuscript. Back pain
findings for patients randomized to teriparatide 40 pg/
day were similar to those reported herein for patients
randomized to teriparatide 20 pg.

Characteristics known to increase the risk for
osteoporosis-related fractures were examined for
between treatment group differences at baseline.
Treatment-emergent adverse events of back pain were
stratified according to severity and analyzed for between
treatment group differences. Analyses including
fracture outcomes were performed in patients with
adequate radiographs at baseline and study endpoint.
Additionally, the incidence of back pain associated with
the number of vertebral fractures was examined. All
continuous data were analyzed using Student’s t-test.
For categorical data, Pearson’s Chi-square test was the
common test used in this paper. When analyses involved
smaller numbers of patients, both Pearson’s Chi-square
and Fisher’s exact test were performed. These tests
gave very similar results, and the Pearson’s Chi-square
test results were reported. A Cochran Armitage test was
performed to examine the trend in back pain incidence
with both grade and number of new vertebral fracture.
Survival analysis was used to compare the temporal
incidence of patients reporting treatment-emergent

Table 1. Baseline demographics of patients randomized in the Fracture Prevention Trial with evaluable radiographs at baseline
and study endpoint’?

Placebo TPTD20 P-value
N = 448 N = 444
Age (yrs £ SD) 69.0+ 7.0 69.2+7.0 0.69
Vertebral BMD (g/cm? + SD) 0.8+0.2 0.8+£02 0.63
Body mass index (kg/m? £ SD) 26.7 £ 4.7 26.8+4.2 0.87
> 1 vertebral fracture at baseline (%) 59.4 57.9 0.65
Smokers (%) 18.5 15.8 0.27

TPTD20 = teriparatide 20 ug; BMD = bone mineral density
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Figure 1. The relative risk of developing any back pain'?, moderate or severe back pain, or severe back pain in teriparatide
20ug-treated patients
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back pain between treatment groups. All statistical tests
were two-sided with a significance level of 0.05 using
SAS software, version 8.2 (SAS Institate, Inc., Cary,
NC).

Results

Baseline demographics known for women randomized to
placebo or teriparatide 20 g in the Fracture Prevention
Trial with radiographs adequate for evaluation at
baseline and study endpoint were similar (Table 1)

Back pain

Compared with placebo, the relative risk of developing
moderate or severe back pain was reduced 31%
(P = 0.016) in patients administered teriparatide
20 ug therapy (Figure 1}. There was a 57% reduction
(P = 0.011) in the relative risk of developing severe
back pain in teriparatide 20 pg treated patients versus
placebo (Figure 1). The probability of experiencing new
or worsening back pain in the placebo and teriparatide
20 pg groups appeared to separate after approximately 1
year of therapy with statistically significant (P = 0.032)
divergence of back pain between groups over the entire
time course (Figure 2).

Back pain and vertebral fracture

Follow-up radiographs were available for 448 placebo
(82.4%) and 444 teriparatide 20 g (82.1%) treated
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patients. Radiographic assessment was not available for
all randomized patients due to either their radiographs
being not readable or loss to follow-up. Compared
with placebo, the relative risk of developing back pain
plus one or more vertebral fractures was reduced 83%
(P < 0.001) in teriparatide 20ug treated patients
(Figure 3). Similarly, among teriparatide 20 ug treated
patients the relative risks of developing back pain with
a finding of one new vertebral fracture, two or more
new vertebral fractures, and one or more new moderate
or severe vertebral fractures were reduced 78%
(P = 0.003), 91% (P = 0.004), and 100% (P < 0.001),

respectively, versus placebo.

Mechanism of teriparatide back pain
prevention

The incidence of any back pain (P < 0.001) and of
severe back pain (P = 0.03) significantly increased in
placebo-treated women who experienced more severe
vertebral fractures (Figure 4). Among placebo-treated
patients with no new fracture, or with mild, moderate,
and severe new vertebral fractures, 21.1%, 27.3%,
60.7%, and 42.9%, respectively, reported any back
pain, with 4.2%, 4.6%, 7.1%, and 21.4%, respectively,
reporting severe back pain. Similarly, in placebo-treated
women, the incidence of any back pain (P < 0.001) and
of severe back pain (P = 0.013) significantly increased
with increasing number of new vertebral fractures
{Figure 5). Among placebo patients with 0, 1, and > 2
new vertebral fractures, 21.1%, 42.9%, and 50.0%,
respectively, reported back pain, with 4.2%, 4.8% and

p value = 0.032
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Figure 2. Kaplan Meier estimate of the probability of experiencing new or worsening back pain in patients randomized to
teriparatide 2011g or placebo
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18.2%, respectively, reporting severe back pain. Thus,
in placebo-treated women, back pain and severe back
pain incidence increased with increasing new vertebral
fracture grade and with increasing number of new
vertebral fractures. Among teriparatide-treated patients
with no new fracture or with mild new vertebral
fractures, 17.3% and 27.8%, respectively, reported any

back pain, with 1.9% and 5.6%, respectively, reporting
severe back pain (Figure 4). Although these incidences
are similar to those observed in the placebo group, no
teriparatide 20 pg-treated patients both reported back
pain and sustained a new moderate or severe vertebral
fracture (Figure 4). The incidence of any back pain
(P = 0.579) and of severe back pain (P = 0.083) did
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Figure 3. Relative risk of developing new or worsening back pain and a finding of new veriebral fracture in placebo and
teriparatide 20 ug-treated patients
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not significantly increase in teriparatide-treated women
having increasing number of new vertebral fractures
(Figure 5). Among teriparatide-treated patients with 0,
1, and = 2 new vertebral fractures, 17.3%, 23.5%, and
20.0%, respectively, reported back pain, and 1.9%, 0%
and 20.0%, respectively, reported severe back pain.

Discussion

Neer et al. previously reported that back pain occurred
in 17% of teriparatide 20 pg-treated patients compared
with 23% of placebo-treated patients in the Fracture
Prevention Trial'?. The present report includes new
findings that fewer women randomized to teriparatide
20ug had new or worsening moderate or severe back
pain, and severe back pain. Compared with placebo,
differences in the incidence of back pain following
teriparatide 20 g treatment were evident after 1 year
of therapy. Furthermore, significantly fewer women
randomized to teriparatide 20 ug therapy had back pain
plus findings of one or more vertebral fractures, multiple
vertebral fractures, and moderate or severe vertebral
fractures.

Placebo-treated women with increasing severity and
number of incident vertebral fractures reported back

70 - Placebo*t
(total patients = 448)

60 -

50

pain and severe back pain more frequently. These
results establish a relationship between increased
severity and number of vertebral fractures and back
pain. In the Fracture Prevention Trial, as well as in
other studies, moderate and severe vertebral fractures
are more commonly associated with back pain than are
mild vertebral fractures*'?'#'3. In addition, our findings
in placebo patients are consistent with prior studies that
have shown a progressive increase in back pain with
number of previous vertebral fracture'®'s. Prior results
from the Fracture Prevention Trial have demonstrated
that 19 months treatment with teriparatide 20ug
reduced the incidence of vertebral fractures, multiple
vertebral fractures, and moderate or severe vertebral
fractures known to progressively increase the risk of
back pain. Compared with placebo, teriparatide-treated
women had a 65% reduced risk for new vertebral
fractures, 90% reduced risk of new moderate or severe
vertebral fractures, and 77% reduced risk for multiple
new vertebral fractures'?. Qur findings suggest that
a mechanism for the reduced risk of back pain in
teriparatide-treated women includes prevention of more
severe and multiple painful vertebral fractures. Results
from preclinical studies have shown that teriparatide
accelerates fracture healing in a rat animal model'.
In patients with vertebral fractures, treatment with
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(total patients = 444)
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Figure 5. Incidence of any new or worsening back pain stratified by number of incident vertebral fractures in placebo and

teriparatide 20 g-ireated patients
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teriparatide 20 pug may also improve fracture healing
thereby contributing to the observed reduction in the
relative risk of developing back pain.

Chronic severe back pain arises from changes in
both the architecture of vertebrae and in muscles and
ligaments providing structural support®. Loss of physical
function resulting from severe chronic back pain
promotes further bone loss favoring the progression of
osteoporosis'®. Teriparatide 20 g may mitigate this cycle
of deterioration by building new bone, and reducing
the occurrence of new moderate and severe vertebral
fractures, the fractures in the present study associated
with back pain in the placebo group.

Although the successful reduction in the incidence of
new vertebral fractures by osteoporosis therapies would
be anticipated to prevent back pain, this has not been
consistently demonstrated in published clinical trials of
antiresorptive drugs. Some studies have suggested that
calcitonin may have an analgesic effect in the setting of
acute back pain due to vertebral fracture", however, the
primary study reporting fracture data for calcitonin did
not include any back pain analyses?. Similarly, primary
reports from fracture studies comparing alendronate
with placebo do not include back pain findings?-®.
Nevitt et al. reported significantly fewer women treated
with alendronate in the Fracture Intervention Trial
required bed-rest due to back pain and experienced
limited activity due to back pain compared with
placebo?. Also, compared with placebo, women treated
with alendronate experienced reductions in the number
of days of bed-rest for back pain and days of limited
activity due to back pain. These findings were attributed
to the reduction of vertebral fractures by alendronate.
Importantly, the number of women with back pain or
disability due to back pain was not statistically different
between treatment groups. Therefore, differences in
teriparatide-treated women compared with alendronate-
treated women in back pain outcomes might be due to a
greater effect of teriparatide on vertebral fracture related
back pain prevention relative to alendronate. The results
of adverse event monitoring in a randomized double-
blinded comparator trial between alendronate and
teriparatide showed that significantly (P = 0.012) fewer
patients treated with teriparatide (5.5%) reported new
or worsening back pain compared with patients treated
with alendronate (19.2%)%. Similar results on back
pain were observed in an additional double-blinded
placebo-controlled comparator study of teriparatide
versus alendronate in postmenopausal women. During
this study, fewer patients treated with teriparatide
(26%) reported new or worsening back pain compared
with patients treated with alendronate (39%)
(P = 0.051)%*. Publications from risedronate and
raloxifene fracture trials do not include back pain
findings?°.
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Although pain is an important outcome in clinical trials
involvingwomen with osteoporosis™*, the optimalinstru-
ment for assessing pain in clinical trials of osteoporosis
drugs is not known. The collection of the back pain data
during monitoring of adverse events requires additional
comment. In this large randomized and blinded trial,
there should have been no bias favoring either group.
Directions were provided to investigators to ensure that
adverse events were collected in a standard fashion in
all patients. As noted in the methods, the results in the
teriparatide 20 ug group were similar to those for the
teriparatide 40 g group. Also, the findings from two
trials have shown that fewer women randomized to
teriparatide compared with alendronate experienced
back pain, suggesting consistently reduced back pain in
teriparatide-treated patients in these studies. Finally, the
biological plausibility of reduced risk for developing back
pain should be noted in this trial which showed a 65%
reduction in vertebral fracture and a 90% reduction in
moderate or severe vertebral fracture risk. Participants
in the Fracture Prevention Trial were mostly Caucasian,
and as such, generalizations of these findings to women
of other racial backgrounds may not be appropriate.
Nevertheless, further study in a prospective trial of
teriparatide in women at risk of back pain with back
pain as a primary endpoint is needed.

In conclusion, postmenopausal women with osteo-
porosis treated for a median of 19 months with teripara-
tide experienced significantly reduced risk of developing
back pain and risk of developing back pain associated
with vertebral fracture. The observed reduction in back
pain in our study setting is consistent with the near
elimination of moderate and severe vertebral fractures
observed in patients treated with teriparatide.
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EFFECT OF PARATHYROID HORMONE (1-34) ON FRACTURES AND BONE
MINERAL DENSITY IN POSTMENOPAUSAL WOMEN WITH OSTEOPOROSIS

RoBeRT M. NEeRr, CLAUDE D. ARNAUD, JOSE R. ZANCHETTA, RICHARD PRINCE, GREGORY A. GAICH, JEAN-YVES REGINSTER,
ANTHONY B. HobsMAN, ERIK F. ERIKSEN, SoPHIA IsH-SHALOM, HARRY K. GENANT, QUHONG WANG, AND BRUCE H. MITLAK

ABSTRACT

Background Once-daily injections of parathyroid
hormone or its amino-terminal fragments increase
bone formation and bone mass without causing hy-
percalcemia, but their effects on fractures are un-
known.

Methods We randomly assigned 1637 postmeno-
pausal women with prior vertebral fractures to receive
20 or 40 ug of parathyroid hormone (1-34) or placebo,
administered subcutaneously by the women daily.
We obtained vertebral radiographs at base line and at
the end of the study (median duration of observation,
21 months) and performed serial measurements of
bone mass by dual-energy x-ray absorptiometry.

Results New vertebral fractures occurred in 14 per-
cent of the women in the placebo group and in 5 per-
cent and 4 percent, respectively, of the women in the
20-u.g and 40-ug parathyroid hormone groups; the re-
spective relative risks of fracture in the 20-ug and
40-u.g groups, as compared with the placebo group,
were 0.35 and 0.31 {95 percent confidence intervals,
0.22 to 0.55 and 0.19 to 0.50). New nonvertebral fra-
gility fractures occurred in 6 percent of the women
in the placebo group and in 3 percent of those in
each parathyroid hormone group (relative risk, 0.47
and 0.46, respectively [95 percent confidence inter-
vals, 0.25 to 0.88 and 0.25 to 0.861). As compared with
placebo, the 20-ug and 40-ug doses of parathyroid
hormone increased bone mineral density by 8 and
13 more percentage points in the lumbar spine and
by 3 and 6 more percentage points in the femoral
neck; the 40-ug dose decreased bone mineral density
at the shaft of the radius by 2 more percentage points.
Both doses increased total-body bone mineral by 2 to
4 more percentage points than did placebo. Parathy-
roid hormone had only minor side effects (occasional
nausea and headache).

Conclusions Treatment of postmenopausal osteo-
porosis with parathyroid hormone (1-34) decreases the
risk of vertebral and nonvertebral fractures; increases
vertebral, femoral, and total-body bone mineral densi-
ty; and is well tolerated. The 40-ug dose increased
bone minera!l density more than the 20-ug dose but
had similar effects on the risk of fracture and was more
likely to have side effects. (N Engl J Med 2001;344:
1434-41.)

Caopyright ©® 2001 Massachusetts Medical Society.
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REATMENTS for postmenopausal women

with osteoporosis include estrogens, selec-

tive estrogen-receptor modulators, bisphos-

phonates, calcitonin, vitamin D, and calci-
triol. These treatments reduce bone resorption (and
formation) and moderately increase bone density;
some agents reduce the risk of fracture, but none rou-
tinely restore normal bone mass or strength. Treat-
ments that stimulate bone formation may overcome
these limitations.

Parathyroid hormone stimulates bone formation
and resorption and can increase or decrease bone
mass, depending on the mode of administration. Con-
tinuous infusions and daily subcutaneous injections
of parathyroid hormone stimulate bone formation
similarly but have different effects on bone resorp-
tion and bone mass.:2 Continuous infusions, which
result in a persistent elevation of the serum parathy-
roid hormone concentration, lead to greater bone re-
sorption than do daily injections, which cause only
transient increases in the serum parathyroid hormone
concentration.?

Parathyroid hormone or its amino-terminal frag-
ments and analogues prevent, arrest, or partially re-
verse bone loss in animals and humans.* In animals,
parathyroid hormonc induccs parallcl incrcascs in bone
mass and bone strength,’ suggesting that treatment
with parathyroid hormone may provide protection
against fractures in humans. We tested this hypoth-
esis in a study of parathyroid hormone (1-34) for the
treatment of postmenopausal women with prior verte-
bral fractures. Parathyroid hormone (1-34) comprises
the first 34 amino acids of the hormone and produces
its chief biologic effects. The sponsor terminated the
study early in order to evaluate the clinical relevance
of the finding that osteosarcomas developed in Fisch-
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er 344 rats during a long-term toxicologic study of
parathyroid hormone (1-34). Subsequent evaluation
of the clinical data revealed that parathyroid hormone
(1-34) was effective in preventing fractures and was
well tolerated.

METHODS

Study Subjects

We screened postmenopausal women at 99 centers in 17 coun-
tries for enrollment in the study. Women were cligible for enroll-
ment if they were ambulatory, if a period of at least five years had
elapsed since menopause, and if they had at least one moderate or
two mild atraumatic vertebral fractures on radiographs of the tho-
racic and lumbar spine, and an ambulatory seatus.¢ For women with
fewer than two moderate fractures, an additional criterion for en-
rollment was a value for bone mineral density of the hip or lumbar
spine that was at least 1 SD below the mean value in normal pre-
menopausal white women (age range, 20 to 35 years). We excluded
women with illnesses that affect bone or calcdum metabolism, uro-
lithiasis within the preceding 5 years, impaired hepatic function, a
serum creatinine concentradon exceeding 2 mg per deciliter (177
wmol per liter), or alcohol or drug abuse, as well as women who had
taken drugs that alter bone metabolism within the previous 2 to
24 months (depending on the drug). The study was approved by
the ethics committee at each participating center, and all women
gave written informed consent.

Treatment Protocel and Follow-up Studies

All enrolled women received daily supplements of 1000 mg of
calcium and 400 to 1200 TU of vitamin D. The women gave them-
selves daily injections of placebo for two weeks and were then ran-
domly assigned to receive placebo or 20 or 40 pg of recombinant
human parathyroid hormone (1-34) in a regimen of daily, self-
administered injecions. We measured serum calcium before and
4 to 6 hours after injection at base line and afier 1, 3, 6, 12, 18, and
24 months of treatment, and we measured calcium and creatinine
excretion in 24-hour urine specimens at base line and after 1, 6,
12, and 24 months of weatment. All tests of scram and urine sam-
ples from an individual woman were performed at one of three lab-
oratories that used identical, cross-calibrated methods of measure-
ment. If the post-injection serum calcium concentration was high
or if urinary excretion of calcium exceeded 350 mg (8.8 mmatl)
per day, and if the increase persisted on repeated testing, the cal-
cium supplement was discontinued permanently or the volume of
the injected study drug was halved undl the abnormality had dis-
appeared.

All women underwent anteroposterior and lateral radiography
of the thoracic and lumbar spine at base line and at the end of the
study. Radiologists at a central location who knew the temporal se-
quence of the radiographs, but not the treatment assignments,
graded each woman’s vertebrae as normal (i.c., normal height) or as
mildly, moderately, or severely deformed (ic., a decrease in height
of approximately 20 to 25 percent, 26 to 40 percent, or more than
40 percent, respectively).® A vertebra was not graded if scoliosis,
fusion, or another anomaly prevented radiographic assessment.
A new vertebral fracture was reported if a normal vertebra became
deformed; worsening of preexisting deformities was not analyzed.
Nonvertebral fractures were documented by a review of radiographs
or radiologic reports and were classified as fragility fractures (the
protocol-specified end point) if the associated trauma would not
have resulted in the fracture of a normal bone, in the opinion of
the local investigator.

We measured the bone mineral density of the lumbar spine,
proximal fermur, and radius and the total-body bone mincral by
dual-energy x-ray absorptiometry with the use of Hologic, Lunar,
or Norland equipment. The measurements were analyzed centrally,
and the results were not reported to the participating centers. We
measured the bone density of the spine at base line and at 12 and
18 months, and at the end of the study in all women (as well as at
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3 and 6 months in a subgroup of women); we measured the bone
density of the hips (in all women), forearms (in a subgroup), and
toral body (in a subgroup) at base line, at 12 months, and at the
end of the study. Spinc and hip values are reported in grams per
square centimeter, although they have been converted to stand-
ardized units, which eliminate differences in measurements attribut-
able to the manufacturer’s calibrations.” Measurements of the spine
excluded vertebrae with fractures or focal sclerosis. Total-body bone
measurements excluded the head in order to avoid dental artifacts.
The consistency of serial measurements was assessed with serial
measurements of a spine phantom at each center, and the consis-
tency of measurements amonyg centers was assessed with measure-
ments of a standard phantom circulated to all centers. Measurements
of the phantoms were used to adjust for minor changes in the
performance of the densitometer.®

We measured height with a stadiometer at base line and every
12 months; blood counts, serum chemical tests, and urinalysis were
performed at base line and at 1, 6, 12, and 24 months. Tests of se-
rum antibodies to parathyroid hormone (1-34), based on the spe-
cific binding of radioiodinated parathyroid hormone (1-34), were
performed at base line and at 3, 12, and 24 months.
Statistical Analysis

‘We analyzed data for all women with at least one foliow-up visit
after enroliment. The rates of side effects and the proportions of
women with fractures in the three study groups were compared
with the use of Pearson’s chi-square test. All laboratory data and
bone mineral measurements were evaluated by analysis of variance,
with the inclusion of terms for the treatment assignment and coun-
try. All statistical tests were rwo-sided.

RESULTS

Of 9347 women who were screened for the study,
7710 were not eligible or were not interested in par-
ticipating. The remaining 1637 women were randomly
assigned to receive placebo (544 women) or parathy-
roid hormone (1-34) at a dose of 20 ug per day (541
women) or 40 ug per day (552 women). The base-line
characteristics of the women in the three study groups
were similar (Table 1). In December 1998, all women
were invited to a termination visit because the spon-
sor had stopped the study. The interval during which
women were at risk for vertebral fractures (the peri-
od from enrollment to the final radiographic study of
the spine) and nonvertebral fractures (the period
from enrollment to the final visit) did not differ sig-
nificantly among the three groups (Table 2 and Ta-
ble 3, respectively). The cumulative duration of the
study treatment in the group that received placebo,
the group that received 20 ug of parathyroid hormone
(1-34) per day, and the group that received 40 ug per
day was 798, 779, and 774 patient-years, respectively,
and the mean (*SD) duration of treatment in the
three groups was 18*5, 18+6, and 17*6 months,
respectively. The average rate of compliance with the
regimen of injections, assessed on the basis of returned
medication, ranged from 79 to 83 percent at each vis-
it, and the rates did not differ significantly among
the three groups.

Vertebral Fractures and Changes in Height

Base-line and follow-up radiographs were available
for 1326 of the 1637 women (81 percent); follow-up
radiographs were not available for 249 women, and
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TABLE 1. BAsE-LINE CHARACTERISTICS OF 1637 POSTMENOPAUSAL WOMEN ACCORDING TO WHETHER
THEIR SPINAL RADIOGRAPHS WERE ADEQUATE FOR EVALUATION.*

CHARACTERISTIC WomeN witH ADEQUATE RADIOGRAPHST WOMEN WITHOUT ADEQUATE RADIOGRAPHS
pLACEBO  PTH, 20 uyg  PTH, 40 pg PIACEBO PTH, 20 pg PTH, 40 pg
(N=448) (N=444) (N=434) (N=96) (n=97) (N=118)
White race (%) 99 99 98 99 98 98
Age (yr) 69x7 69£7 707 698 71£8 71%7
Years since menopause 21+8 219 218 21x10 24+9 248
Body-mass index} 26747 26.8x4.2 26.6+4.3 26.1£50 264*44 26.5+4.1
Calcium intake (mg/day) 762+433  786*443 757449 7451460 675432  758+432
Current smoker (%) 185 15.8 14.8 198 19.6 20.3
Previous osteoporosis therapy (%) 15 16 13 14 14 14
No. of vertebral fractares 2318 2.3%1.8 2.3*1.8 2.6*x1.8 2.7*+1.7 2.3+x17
Lumbar-spine BMD (mg/cm?) 820+170 820*170  820*170 810170 840*160  840+160

*Plus—minus values are means +SD. PTH denotes parathyroid hormone (1-34), and BMD bone mineral density.

fP>0.05 for all comparisons among women with radiographs that could be evatuated.

1The body-mass index is the weight in kilograms divided by the square of the height in meters.

TABLE 2. RADIOGRAPHIC EVIDENCE OF NEW VERTEBRAL FRACTURES.*

PLaceso PTH, 20 ug PTH, 40 ng
VARIABLE (N=448) (N=444) (N=434)
No. of months at risk (randomization 21%3 21£3 204
to final radiograph)
=1 Fracturc
No. of women (%) 64 (14) 22 (5)% 19 (4)t
Relative risk (95% CI) vs. placebo — 0.35 (0.22-0.55) 0.31 (0.19-0.50)
Percent reduction in absolute risk _— 9 10
>1 Practure
No. of women (%) 22 (5) 5 (LT 3 (<)t
Relative risk (95% CI} vs. placebo — 0.23 (0.09-0.60) 0.14 (0.04-0.47)
Percent reduction in absolute risk — 4 4
21 Moderate or severe fracrure
No. of women (%) 42 (9) 4 (<)t 9 (2)t
Relative risk (95% CI) vs. placebo — 0.10 (0.04—0.27) 0.22 (0.11-0.45)
Percent reduction in absolute risk — 9 7

*Plus—minus values are means +SD. PTH denotes parathyroid hormone (1-34), and CI confi-

dence interval.
P=<0.001 for the comparison with placebo.

an additional 62 women had pretreatment radiographs
that were inadequate for evaluation. Base-line risk fac-
tors for new vertebral fractures were similar in the
three groups (Table 1), as were serum 25-hydroxyvi-
tamin D concentrations and indexes of bone turnover
(data not shown). Of the 1326 women for whom ad-
equate radiographs were available, 105 had one or
more new vertebral fractures. As compared with pla-
cebo, parathyroid hormone (1-34) at the 20-pg and
40-ug doses reduced the risk of one or more new ver-
tebral fractures by 65 and 69 percent, respectively;
the risk of two or more fractures was reduced by 77

1436 - N Engl J Med, Vol. 344, No. 19 - May 10, 2001

and 86 percent, respectively, and the risk of at least one
moderate or severe vertebral fracture was reduced by
90 and 78 percent, respectively (Table 2). Treatment
with parathyroid hormone (1-34) also reduced the to-
tal number of vertebral fractures: the number of frac-
tures per 1000 patient-years of treatment was 136 in
the placebo group, 49 in the 20-ug parathyroid hor-
mone group, and 30 in the 40-ug group. With the
20-pg dose, a vertebral fracture was prevented for
every 12 patient-years of treatment, and with the 40-
ug dose, a vertebral fracture was prevented for every
10 patient-years of treatment.
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TABLE 3. NEW NONVERTEBRAL FRACTURES AND NEW
NONVERTEBRAL FRAGILITY FRACTURES.*

Puaceeo  PTH, 20 ng PTH, 40 ug
VARIABLE {N=544) (N=541) {N=552}
No. of months at risk from ran- 195 196 18+6
domization to last visit
No. of patient-years at risk 857 837 833
=1 Fracture (no. of women)
Total 53 341 321
Fragility 30 14% 14§
Site of fracture (no. of women)
Hip
Total 4 2 3
Fragility 4 1 3
Whrist
Total 13 7 10
Fragility 7 2 3
Ankle
Total 4 2 2
Fragility 3 1 1
Humerus
Total 5 4 3
Pragility 2 2 2
Rib
Total 10 5 5
Fragility 5 3 2
Foot
Total 4 1 4
Fragility 1 0 3
Pelvis
Total 3 1 0
Fragility 3 0 0
Other
Total 16 14 9
Fragility 8 6 3

*Some women had a new fracture at more than one skeletal site or had
more than one new fracture at the same site (€.g., in both extremitics). The
total narnbers of nonvertebral fractures in the placebo group and the 20-ug
and 40-ug parathyroid hormone groups were 62, 36, and 37, respectively,
and the total mumbers of nonvertebral fragility fractures were 33, 15, and 17,
respectively. Plus—minus values are means ~SD. PTH denotes parathyroid
hormone (1-34).

1P=0.04 for the comparison with placeba.
1P=10.02 for the comparison with placebo.
§P=10.01 for the comparison with placebo.

New or worsening back pain was reported by 23
percent of the women in the placebo group but by
only 17 percent and 16 percent of those in the 20-ug
and 40-ug parathyroid hormone groups, respectively
(P=0.007). These data were consistent with the ra-
diographic findings. Among the 105 women with one
or more new vertebral fractures, the mean loss in
height was greater in the placebo group (—1.1 cm)
than in the 20-ug and 40-pg parathyroid hormone
groups (—0.2 and —0.3 cm, respectively; P=0.002).
Because most women did not have new vertebral frac-
tures, the overall mean loss in height was small and
did not differ significantly among the three groups.

Nonvertebral Fractures

New nonvertebral fractures occurred in 119 wom-
en and were considered fragility fractures in 58 (Ta-

N Engl ] Med, Vol. 344, No. 19 - May 10, 2001

ble 3). Women treated with the 20-pg dose of par-
athyroid hormone (1-34) and those treated with the
40-pg dose were 35 and 40 percent less likely to
have one or more new nonvertebral fractures, respec-
tively, than the women in the placebo group, and were
53 and 54 percent less likely to have one or more
new nonvertebral fragility fractures. The absolute risk
of one or more nonvertebral fractures was 10 per-
cent in the placebo group and 6 percent in each par-
athyroid hormone group; the absolute risk of one or
more nonvertebral fragility fractures was 6 percent in
the placebo group and 3 percent in the two parathy-
roid hormone groups (relative risk, 0.47 and 0.46, re-
spectively [95 percent confidence intervals, 0.25 to
0.88 and 0.25 to 0.86]). The cumulative incidence of
one or more new nonvertebral fractures or nonverte-
bral fragility fractures was initially similar in the three
study groups; the protective effects of parathyroid hor-
mone treatment became evident after 9 to 12 months
(Fig. 1). Although the numbers of women with new
nonvertebral fracrures at specific skeletal sites were too
small to estimate the incidence of each type of frac-
ture, the numbers in the parathyroid hormone groups
were generally smaller than — and in no case exceeded
— the numbers in the placebo group (Table 3).

Bone Mineral Density and Total-Body Bone Mineral

At base line, bone mineral density was similar
among the three groups at all skeletal sites; total-body
bone mineral was also similar (Table 4). The mean
bone mineral density of the spine was 2.6 SD below
the mean value in normal young white women (mean
T score, —2.6). Treatment with parathyroid hormone
(1-34) resulted in significant dose-dependent increas-
es in the bone mineral density of the spine and hip
and in total-body bone mineral (Table 4). The bone
mineral density of the shaft of the radius decreased
from the base-line values in all three groups; the per-
cent change in the 40-ug group, but not that in the
20-ug group, differed significantly from the percent
change in the placebo group (P<0.001). As previ-
ously reported by other investigators,%1° this difference
arose during the first year of treatment; subsequently,
the bone mineral density of the radial shaft changed
in parallel in all three groups (data not shown). The
density of the distal radius did not differ significantly
among the three groups.

Adverse Events

There were no significant differences among the
three groups with respect to the nmumbers of deaths
and hospitalizations or the numbers of women in
whom cardiovascular disorders, urolithiasis, or gout
developed during the study. There were no cases of
osteosarcoma. Cancer developed in 40 women, with
a higher incidence in the placebo group (4 percent)
than in the 20-ug and 40-ug parathyroid hormone
groups (2 percent in each group; P=0.02 and P=
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Figure 1. Cumulative Proportion of Women Assigned to Receive Placebo or Parathyroid Hormone (1-34) (PTH) at a Daily Dose of 20 ug
or 40 ;g Who Had One or More Nonvertebral Fractures (Pane! A} and the Cumulative Proportion Who Had One or More Nonverte-
bral Fragility Fractures (Panel B) during the Study.

For both panels, the respective numbers of wamen in the placebo group and in the 20-ug and 40-ug PTH groups were 544, 541,
and 552 at base line; 497, 492, and 486 at 6 months; 477, 465, and 456 at 12 months; and 404, 400, and 390 at 18 months. P=<0.05

for all pairwise comparisons with placebo, by the log-rank test.

TABLE 4. CHANGE FROM BASE LINE IN BONE MINERAL DENSITY AND TOTAL-BODY BONE MINERAL.*

SkeLtETAL M T Bast bine LAsT VisiT
PLACEBO PTH, 20 g PTH, 40 ug PLACEBO PTH, 20 pg P vaLte PTH, 40 pg P varLue
no. of no. of no. of
women % change women % change women % change

Bone mineral densityt

Lumbar spine 0.82£0.17 0.82%0.17 0.82+0.17 504 1.1£55 498 9.7x7.41 <0.001 497 137297 <0.001
Fermnoral neck 0.64+0.11  0.64+0.11 0.64x0.11 479 —07x54 479 287571t <0.001 482 5.1+6.7 <0.001
Trochanter 0.57%+0.12 0.57+0.12 0.57%0.12 479 —0.2x6.3 479 3.5+6.8f <0.001 482 44x75 <0.001
Interrochanter 0.86x0.16 0.85*0.16 0.85%0.34 257 —1.3%45 250 2.6+5.51 <0.001 254 4.0£6.0 <0.001
Total hip 0712012 0.70x0.12 0.70x0.11 230 -1.0x43 222 2.6x49t <0.001 232 3.6%5.4 <0.001
Distal radius 0.32%£0.08 0.31+0.07 0.32+0.07 154 —1.6*83 152 —0.1%7.2 0.09 145 -—-15*x84 074
Shaft of radius 0.58+0.11 0.58+0.16 0.59%0.11 154 -1.3%33 152 —2.1%42 0.09 145 —3.2x45 <0.001
Total-body bone mineral} 140 134 <0.001 131 <0.001
Hologic 1303+263 1250+248 1324276 61 —1.3x6.5 61 0.6+5.8 _— 63 1.0x£6.1 —
TLunar 14441328 1453+293 1481x279 79 0.0£4.8 73 3.1x4.3 — 68 4557 —

*Bone mineral density and total-body bone mineral were measured by dual-energy x-ray absorptiometry. PTH denotes parathyroid hormone (1-34). P values
are for the comparisons with the placebo group.

{The data for the lumbar spine, femoral neck, trochanter, interrochanter, and total hip are in standardized units” and expressed in grams per square
centimeter; the data for the distal radius and shaft of the radius arc in grams per squarc centimeter.

}Data are expressed in grams. Because manufacturers have not dardized of total-body bone mineral, we report the values according
to the instrument used for measurement. Since each woman’s total-body bone mincral was measured scrially with the same insorument, tests of statistical
significance inctuded all data and allowed for an effect of the instrument used.

0.07, respectively). A total of 32 women in the pla- | spectively); the frequencies of nausea and headache
cebo group (6 percent), 35 in the 20-ug parathyroid | in the lower-dose parathyroid hormone group were
hormone group (6 percent), and 59 in the 40-ug | similar to those in the placebo group. Nine percent of
group (11 percent) withdrew from the study because | the women in the 20-ug parathyroid hormone group
of an adverse event. Nausea was reported by 18 per- | reported dizziness, and 3 percent reported leg cramps,
cent of women taking 40 ug of parathyroid hormone, | but these symptoms were reported by only 6 percent
and headache was reported by 13 percent, whercas | and 1 percent of women in the placebo group, re-
only 8 percent of women taking placebo reported | spectively (P=0.05 and P=0.02, respectively); the
cach of these symptoms (P<0.001 and P=0.01, re- | frequencies of dizziness and leg cramps in the 40-ug
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parathyroid hormone group were similar to those in
the placebo group. Preinjection blood pressure and
heart rate, measured at each visit, were unaffected by
treatment with parathyroid hormone (1-34).

Because subcutaneous injections of parathyroid hor-
mone (1-34) have the greatest effect on serum calcium
during the first four to six hours after injection, we
measured serum calcium before and four to six hours
after an injection of parathyroid hormone (1-34) at
each visit. The preinjection measurements (performed
16 to 24 hours after the previous injection) were usu-
ally normal. Mild hypercalcemia (defined as a calcium
concentration that exceeded 10.6 mg per deciliter
[2.6 mmol per liter]) occurred at least once in 2 per-
cent of the women in the placebo group, 11 percent
of those in the 20-ug parathyroid hormone group,
and 28 percent of those in the 40-ug group. Of the
high serum calcium values, 95 percent were less than
11.2 mg per deciliter (2.80 mmol per liter) in the
20-ug group, and 95 percent were less than 11.8 mg
per deciliter (2.95 mmol per liter) in the 40-ug group;
in only about one third of the women with high se-
rum calcium concentrations were the values high on
retesting, which was usually performed within a few
weeks. Women who did not have hypercalcemia dur-
ing the first six months of treatment seldom had it
later. The study protocol required permanently halv-
ing the injected dose of medication in women with
persistent hypercalcemia after a reduction in calcium
intake; this occurred in 3 women in the placebo group
(<1 percent), 15 in the 20-ug group (3 percent), and
62 in the 40-ug group (11 percent). Treatment was
withdrawn because of repeatedly clevated serum cal-
cium concentrations in one woman in the placebo
group, one in the 20-ug group, and nine in the 40-ug
group.

Serum 25-hydroxyvitamin D and calcitriol concen-
trations were similar in the three groups at base line.
Serum calditriol concentrations increased significantly
from the base-line values in each parathyroid hormone
group and did not change in the placebo group. The
mean 24-hour urinary calcium excretion increased
slightly during parathyroid hormone (1-34) treatment
(by 30 mg [0.75 mmol] per day), but the incidence
of hypercalciuria (a value for urinary calcium excre-
tion that exceeded 300 mg [7.5 mmol] per day) did
not increase. Serum magnesium concentrations de-
creased slightly in both parathyroid hormone groups,
and serum uric acid concentrations rose by 13 to 20
percent during treatment with parathyroid hormone
at a dose of 20 ug per day and by 20 to 25 percent at
a dose of 40 ug per day, without clinical sequclae. An
average of five weeks after the cessation of treatment,
serum calcium, magnesium, and uric acid concentra-
tions had returned to or approached pretreatment val-
ues. Serum creatinine concentrations and creatinine
clearance were unaffected by parathyroid hormone
(1-34) treatment. Circulating antibodies to parathy-
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roid hormone (1-34) developed in 1 woman in the
placebo group (<1 percent), 15 women in the 20-ug
group (3 percent), and 44 in the 40-ug group (8 per-
cent), but these antibodies had no discernible effects
on any of the other measurements.

DISCUSSION

Daily injections of parathyroid hormone (1-34) at
a dose of 20 pug and daily injections at a dose of 40
pg increased the bone mineral density of the spine
by 9 and 13 percentage points more than did place-
bo, and reduced the risk of new vertebral fractures by
65 and 69 percent, respectively, as compared with
placebo. These benefits exceed those reported for oth-
er treatments in similar women. In studies using sim-
ilar analyses, alendronate (10 mg per day) reduced
the risk of new vertebral fractures by 48 percent,11-13
risedronate (5 mg per day) by 41 percent,™ an inter-
mittent regimen of cyclical etidronate by 44 per-
cent,'516 and raloxifene (60 mg per day) by 30 per-
cent.” Estimates of a 40 to 50 percent reduction in
the risk of vertebral fractures with estrogen treatment
are based on cohort and case—control studies or small
placebo-controlled, prospective trials.}8:1% Salmon cal-
citonin nasal spray has inconsistent effects on the risk
of vertebral fractures,?® and the effects of supplemen-
tal calcitriol,?1.22 vitamin D,2-26 and calcium?? on this
end point cannot be estimated on the basis of the
published data.

Daily treatment with parathyroid hormone (1-34)
reduced the risk of nonvertebral fractures by 35 per-
cent at the 20-ug dose and by 40 percent at the
40-pg dose and reduced the risk of nonvertebral fra-
gility fractures by 53 and 54 percent, respectively. In
similar women, alendronate reduced the risk of non-
vertebral fractures by 20 percent,!? risedronate by 39
percent,* and raloxifene by 10 percent.)” The effects
of etidronate!%16 and calcitonin?® on the risk of non-
vertebral fractures are not known. Vitamin D23.26 and
calcitriol?? reduced the risk of nonvertebral fractures
by 50 to 60 percent in some studies, but the effects
of parathyroid hormone in our study are in addition
to any effect of vitamin D, since all the women re-
ceived vitamin D and calcium supplements.

These antifracture benefits make it important to
understand the clinical relevance of the osteosarco-
mas found in rats given parathyroid hormone (1-34)
in a standard carcinogenicity bioassay. In that study,
the rats were given nearly lifetime daily injections of
parathyroid hormone (1-34). The occurrence of os-
teosarcoma was dose-dependent, and the tumors de-
veloped after parathyroid hormone (1-34) had induced
osteosclerosis. Parathyroid hormone (1-34) did not in-
crease the incidence of tumors in other tissues in rats,
nor were osteosarcornas found in monkeys that had
undergone bilateral oophorectomy and then been giv-
en daily doses that were 4 to 10 times the maximal
dose in humans over a period of 18 months. In stand-
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ard tests, parathyroid hormone (1-34) is neither mu-
tagenic nor genotoxic. In prior studies involving a to-
tal of nearly 1000 padents, treatment with parathyroid
hormone (1-84), parathyroid hormone (1-34), or par-
athyroid hormone (1-38) for up to three years did
not increase the incidence of bone tumors.?® Osteosar-
comas are rare in adults, and chronic primary hyper-
parathyroidism is not associated with an increased risk
of osteosarcoma.?%:30

In summary, the clinical benefits of parathyroid hor-
mone (1-34) reflect its ability to stimulate bone for-
mation and thereby increase bone mass and strength.
This hormone appears to be effective in preventing
fractures in postmenopausal women with osteoporosis.

Supported by Eli Lilly.
Dr. Eriksen owns stock in Eli Lilly.
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APPENDIX

The following additional investigators participated in the study: Angen-
tinga — C_A. Mautalen, Buenos Aires; Awustria — G. Leb, Astrid Fahricit-
ner, H. Dobnig, Graz; Belgium — J.P. Devogelaer, Brussels; J.-M. Kauf
man, Ghent; Canads — J.P. Brown, Sainte-Foy, Que.; D.A. Hanley,
Calgary, Alta.; R.G. Josse, G.A. Hawker, S. Mann, Toronto; W.P. Olszyn-
ski, Saskatoon, Sask.; L.G. Ste.-Marie, Montreal; M.O. Al-Daker, Regina,
Sask.; C.K. Yuen, Winnipeg, Man; 8. Kaiser, St. Johw's, Newf.; A.B. Cran-
ney, Ortawa, Ont.; K.G. Siminoski, Edmonton, Alta.; Czech Republic — J.
Stepan, Praguc; O. Topolcan, V. Vyskocil, Plzen-Bory; V. Palicka, Kralove;
Denmark — L. Hyldstrup, Hvifovre; P Laurberg, Aalborg, Otto Grove,
Varde; H. Beck-Niclsen, Odense; Finland — E. Alhava, Kuopio; M. Kor-
mano, Turkn; P. Salmela, X. Rontgen, J.E. Heikkinen, Oulu; J. Salmi, Tam-
pere; M. Valimaki, I. Arnala, Helsinki; J. Saltevo, Jyvaskyla; Hungary — G.
Poor, J. Szuecs, Budapest; L. Gaspar, Szeged; Israel — A. Karasik, I. Vered,
Tel-Hashomer; E. Segal, Haifa; Iraly — C. Gennari, Siena; G. Crepaldi, L.
Sartori, Padua; A. Pinchera, Pisa; G. Mazzuoli, Rome; M. Passeri, Parma;
G. Bianchi, Arenzano; New Zealand — N L. Gilchrist, Canterbury; Nerway
— J.B. Michelsen, Kristiansand; J.A. Falch, Oslo; E. Mohr, Haugesund;
$.8. Gudnason, Bergen; U. Syversen, Trondheim; Poland — M. Talalaj, P
Kapuscinski, J. Borowicz, E. Sawicka, J. Lesnicki, A. Olak-Popko, Warsaw;
T. Miazgowski, J. Ogonowski, S. Czekalski, Szczecdin; Sweden — S. Ljung-
hall, K. Larsson, Uppsala; M. Palmer, Orebro; G. Toss, Linkoping; M.
Saaf, Stockholm; United States— M.A. Bolognese, Gaithersburg, Md.; C.
Mckeever, Houston; L. Avioli (deceased), St. Louis; E.S. Orwoll, Portand,
Oreg.; M. Greenwald, Palm Springs, Calif.; R.D. Wasnich, Honoluhz; S.R.
Weiss, San Diego, Calif.; W. Briney, Denver; C. Gallagher, Omaha, Nebr.;
O.8. Gluck, Phocnix, Ariz.; M.H. Davidson, Chicago; S.C. English, Bili-
ings, Mont.; N.M. Lunde, Arden Hills, Minn.; M.R. Khairi, Tndianapolis;
J. Rosenstock, Dallas; A.A. Licata, Cleveland; A.L. Burshell, New Orleans;
C.E. Lewis, Birmingham, Ala.; A.L. Mulloy, Augusta, Ga.; M.P. Ertinger,
Stuart, Pla.; A. Virshup, West Palm Beach, Fla.; S.B. Ward, Philadelphia;
N. Wei, Frederick, Md.; J. Stock, Morristown, N.J.; S. Wallach, R. Bock-
man, New York; C.J. Rosen, Bangor, Me.; C.E. Waud, Worcester, Mass.;
R. Marcus, Palo Alto, Calif;; R. Levy, Olympia, Wash.; S.S. Miller, San An-
tonio, Tex.; S. Songcharoen, Jackson, Miss.; K.D. Schiessel, Willingboro,
N.J.; L.M. Cohen, Sarasota, Fla.; VK. Piziak, Temple, Tex.; S. Scumpia,
Austin, Tex.; R.R. Stoltz, Evansville, Ind.
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Anabolic Skeletal Thevapy for Osteoporosis

review article

ABSTRACT

Antiresorptive agents for osteoporosis are a cornerstone of therapy, but
anabolic drugs have recently widened our therapeutic options. By
directly stimulating bone formation, anabolic agents reduce fracture
incidence by Improving bone qudlities besides increasing bone mass, In
this article, we review the role of anabolic treatment for osteoporosis. The
only anabolic agent currently approved in the United States for osteo-
porosis, teriparatide (recombinant human parathyroid hormone(1-34)),
has clearly emerged as a major approach fo selected patients with
osteoporosis. Teriparatide increases bone density and bone turnover,
improves microarchitecture, and changes bone size. The incidence of
vertebral and nonvertebral fractures is reduced. Teriparatide is approved
for both postmenopausal women and men with osteoporosis who are at
high risk for fracture. Other potential anabolic therapies for osteoporosis,
including other forms of parathyroid hormone, strontium ranelate, growth
hormone, and insulin-like growth factor-1, are also reviewed in this article.
(Arq Bras Endocrinol Metab 2006;50/4:745-754)

Keywords: Anabolic agents; Bone qudlity; Bone mass; Osteoporosis; Teri-
paratide; Fracture risk

RESUMO

Tratamento Anabélico Osseo para Osteoporose.

Os agentes anti-reabsortivos sdo as drogas mais usadas no fratamento
da osteoporose, porém os anabdlicos recentemente ampliaram nossas
opg¢oes terapéuticas. Por estimular diretamente a formacdo, os agentes
anabdlicos reduzem a incidéncia de fraturas por melhorar a qualidade
osseq, além do aumento da massa dssea. Neste artigo, nds revisaremnos
o papel do fratamento anabdlico para a osteoporose. O Unico agente
anabdlico, atualmente aprovado nos Estados Unidos, & o teriparatida
(hormdnio paratiroidiano recombinante humano), o quatl tem sido con-
siderado como a principal abordagem em pacientes seleclonados, O
feriparatida aumenta a densidade mineral éssea e o turnover 6sseo,
melhorando a microarquitetura, e alfera o tamanho do osso. A Incidén-
cia de fraturas verfebrais € ndo vertebrals é reduzida. O teriparatida &
aprovado tanto para mulheres na pds-menopausa guanto para ho-
mens com osteoporose que apresentem atfo risco para fraturas., Outras
feraplas anabdlicas potenciais para a osteoporose incluem outras for-
mas de hormoénio da paratirdide, ranelato de estréncio, horménio de
crescimento e IGF1 (insulin-like growth factor-1), e serdo revisados neste
arfigo. (Arq Bras Endocrinol Metab 2006;50/4:745-754)

Descritores: Agentes anabolizantes; Qualidade éssea; Massa 6sseq;
Osteoporose; Teriparatida; Risco de fraturas
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NABOLIC AGENTS REPRESENT an important new
dvance in the therapy of osteoporosis. Until
recently, antiresorptive agents were the exclusive phar-
macological approach to this disease. They are covered
in other articles in this supplement. The anabolic
skeletal agents, in contrast to the antresorptive drugs,
influence processes associated with bone formation. By
stimulating bone formation to a greater extent and
earlier than bone resorption, anabolic agents have the
potential to positively affect a number of skeletal prop-
erties besides bone density. These include bone size
and microarchitecture. They thus have the potential to
reconstruct the skeleton, an endpoint not shared by
any of the antiresorptives (1). The anabolic agents to
be discussed in this review include teriparatide
[parathyroid hormone(1-34)], other forms of parathy-
roid hormone, strontium ranelate, and growth hor-
mone/insulin-like growth factor-1.

PARATHYROID HORMONE AS AN
ANABOLIC AGENT

In primary hyperparathyroidism (PHPT), a disorder of
chronic, continuous secredon of excess parathyroid
hormone (PTH), catabolic effects, primarily at cortical
sites such as the distal 1/3 radius, is common. Never-
theless, even in this disorder of chronic PTH secretion,
a key property of intermittent PTH administration,
namely salutary effects at the cancellous skeleton such

as the lumbar spine, can be seen (2). The clinical clue
to the udlity of PTH as an anabolic skeletal agent
came with the recognition that its anabolic potential is
scen much more clearly with low dose, intermittent
administration. PTH is currendy available in many
countries as the recombinant human PTH(1-34) frag-
ment known as teriparatide. The full-length molecule,
human recombinant PTH(1-84), has been approved
for use in some European countries and is under inves-
tigation at this time in the United States. Teriparatide
leads to a rapid increase in bone formation markers fol-
lowed sometime thereafter by increases in bone
resorption markers. If these markers reflect physiolog-
ical events, PTH likely inidally stimulates processes
associated with bone formation (bone modeling) and
only later promotes those associated with bone remod-
eling in which bone resorption predominates. This
sequence of events has led to the concept of the “ana-
bolic window,” a period of time when the actions of
PTH are maximally anabolic (3) (figure 1).

The beneficial effects of teriparatide on bone
qualities such as bone density, microarchitecture and
bone geometry are seen in the cancellous skeleton
(4). At a cortcal skeletal site, such as the distal 1,/3
radius, PTH typically does not increase bone density.
In fact, there may be a small decline in BMD in asso-
ciation with an increase in cortical porosity. However,
this does not translate into decreased bone strength
because the increased porosity occurs only in the
inner one third of bone, where the mechanical effect

Bone formation

markers

2 &

Boneresormption

markers

Figure 1. The Anabolic Window. Based upon the difference in kinetics of changes between
bone formation and bone resorption markers, an "anabolic window" is formed during which
the acfions of parathyroid hormone are believed to be maximally anabolic.
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is minimal. Even more importantly, other salutary
effects of teriparatide at cortical bone, such as changes
in bone geometry and microarchitecture, more than
compensate for any increase in cortical porosity (5).
PTH stimulates periosteal apposition, which leads to
increases in cortical area, cortical thickness, and an
overall increase in cross-sectional area (5,6). More-
over, microarchitectural changes due to teriparatide
are evident at the cortical sites such as the distal 1/3
radius as well. These geometrical and microarchitec-
tural changes strengthen cortical bone despite the
small reduction in bone density (7).

INDICATIONS FOR TERIPARATIDE

Teriparatide is used in postmenopausal women and
men with osteoporosis who are at high risk for frac-
ture. To help select patients for teriparatide, useful
guidelines have been published (1). Patients who have
already sustained an osteoporotic fracture are among
the highest risk group because the likelihood of sus-
taining another fracture is very high (8). The T-score
itself, even without an osteoporotic fracture, can con-
fer high risk, especially if the T-score is very low (i.e. <
-3.0). Patient age is also important as for any T-score,
the older the patient the greater the risk. Other poten-
tial candidates for teriparatide are patients for whom
one might consider a bisphosphonate but who cannot
tolerate the drug or who are non-compliant. In addi-
tion, patients who fracture while on andresorptive
therapy could be considered to be at high risk and thus
candidates for teriparatide. In most countries, teri-
paratide is approved for a limited period of time,
18-24 months.

TERIPARATIDE AS SINGLE IN POSTMENOPAUSAL
OSTEOPOROSIS

In the randomized, doubie-blind, pivotal clinical oial of,
Neer et al., women with severe osteoporosis were treat-
ed with subcutaneous injections of placebo, 20 or 40 pg
of teriparatide. The average number of fragility fractures
per patient was over 2, clearly defining this group as at
high risk (9). Over a follow-up period of 21 months,
BMD increased by an average of 10-14%. Femoral neck
BMD also improved, but more slowly and to a smaller
extent (approximately 3%) in comparison to the lumbar
spine. At 20 pg of teriparatide, BMD did not change at
the distal radius. The most important findings of the teri-
paratide trial by Neer et al. were reductions in new ver-
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tebral fractures by 65% at the 20. The overall incidence
of new nonvertebral fractures was reduced by 35% at the
20 pg dose. Hip fracture incidence was not analyzed sep-
arately because the study was not sufficiently powered to
examine this endpoint. By post-hoc analysis, the reduc-
tion in fracture incidence due to teriparatide was not
related to the number, severity, or site of previous frac-
tures (10). Further post-hoc analysis of this cohort
demonstrated that the fracture risk reduction was large-
ly independent of age and initial BMD (11). In an obser-
vational cohort from this trial, fracture reduction was
sustained for up to 30 months after teriparatide discon-
tinuation, although many individuals in the original and
treatment groups received bisphosphonate therapy dur-
ing this follow-up period (12).

PTH (1-84) IN POSTMENOPAUSAL OSTEOPOROSIS

PTH(1-84) has been the object of a limited number of
studies. In a preliminary clinical trial, preparatory to the
definitive clinical trial, subjects were administered place-
bo, or 1 of 3 doses of PTH(1-84): 50, 75, or 100 pg for
12 months (13). There were time- and dose-related
increases in lumbar spine BMD. Similar to the teri-
paratide studies, bone turnover markers rose quickly.
Histomorphometric analyses of bone biopsy specimens
confirm an anabolic response to PTH(1-84) with an
increase in bone formation and improvements in cancel-
lous architecture (14). In contrast to the study by Neer
et al. in which the average number of fragility fractures
per study subject was > 2, the incidence of baseline
fragility fractures in the phase IT1 PTH(1-84) study was
only 19%. Nevertheless, a reduction in new vertebral
fracture incidence was seen with PTH(1-84) in women
both with and without prior vertebral fractures (15).

TERIPARATIDE IN MEN WITH OSTEOPOROSIS

In the first randomized, controlled trial of teriparatide
in men, Kurland et al. randomized 23 men to 400
U/day of teriparatide (equivalent to 25 pg/day) or
placebo for 18 months in a double-blinded protocol
(16). The men who received teriparatide demonstrat-
ed an impressive 13.5% increase in lumbar spine bone
density. Hip BMD increased significantly but more
slowly and to a smaller extent in comparison to the
lumbar spine. Cortical bone density at the distal radius
did not change as compared to placebo. Bone
turnover markers rose quickly and substantially in the
men treated with teriparatide, with bone formation
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markers rising and peaking earlier than bone resorp-
tion markers. In a larger trial of 437 men that was the
counterpart of the pivotal trial of Neer et al. in post-
menopausal women, Orwoll et al. (17) followed a pro-
tocol that was essentially identical to the study of Neer
et al. BMD increased significantly in the 20 pg treat-
ment group by 5.9% at the lumbar spine and by 1.5%
at the femoral neck. These increases were independent
of gonadal status. The magnitude and tdme course of
BMD increases at the lumbar spine and hip over the
11 months of the study, tracked along the time course
seen in the postmenopausal women studied by Neer et
al. (9). Although fractures could not be assessed dur-
ing the short 11-month trial, they were assessed in a

follow-up observational period of 30 months. 279 ~

men from the original cohort had lateral thoracic and
lumbar spine X-rays 18 months after treatment was
stopped. In the combined teriparatide treatment
groups (20 pg and 40 pg), the risk of vertebral fracture
was reduced by 51% (p= 0.07). Significant reductions
were seen in the combined group as compared to
placebo when only moderate or severe fractures were
considered (6.8% vs. 1.1%; p< 0.02) (18). As was the
case in the observational follow-up period in post-
menopausal women, a substantial number of male
study subjects in all groups (25-30%) reported use of
antiresorptive therapy during the follow-up period.
Men treated with placebo utilized antiresorptive ther-
apy to a greater extent than those who were treated
with either dose of teriparatide (36% vs. 25%).

SEQUENTIAL AND COMBINATION THERAPY WITH
TERIPARATIDE AND AN ANTIRESORPTIVE AGENT

Previous use of an antiresorplive

Many patients who are considered candidates for teri-
paratide have previously been treated with bisphos-
phonates or other antiresorptives. Cosman et al. treat-
ed postmenopausal women, previously given estrogen
for at least 1 year, with teriparatide (19). Increases in
vertebral BMD began with no delay and increased in a
linear fashion during the endre 3-year study. Ettinger
et al. studied the influence of 2 other antiresorptives,
raloxifene or alendronate, prior to treatment with teri-
paratide (20). 59 postmenopausal women with T-
scores < -2.0 had been treated for an average of 28
months either with raloxifene or alendronate.
Although this was not a prospective clinical trial, in
most respects subjects were well matched in terms of
age, BMI, and T-scores. Similar to the study of Lind-
say et al. for estrogen, raloxifene did not impede the
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effects of teriparatide to increase BMD rapidly and lin-
early. In contrast, alendronate was associated with a 6-
month delay before BMD in the lumbar spine began
to increase. After 18 months, lumbar spine BMD
increased by 10.2% in the prior raloxifene-treated
group compared to only 4.1% in the prior-alendronate
treated subjects (p< 0.05). The alendronate-treated
group showed an initial decline in hip BMD at 6
months but at 18 months, mean total hip BMD was
not different from baseline. During teriparatide treat-
ment, bone markers in prior alendronate patients
increased later and peaked at about 1/3 lower levels as
compared to prior raloxifene-treated patients.

These results imply that the potency of the
antiresorptive to control bone turnover can determine
the early response to teriparatide. Cosman et al. have
helped to refine this point in a study of teriparatide in
postmenopausal women who also had previously
received alendronate for the same period of tdme (21).
In contrast to the study of Ettinger et al., their subjects
responded to teriparatide with rapid increases in BMD.
To account for these differences, it is noteworthy that
the baseline bone turnover markers prior to the initia-
tion of teriparatide therapy were markedly different in
the 2 studies. In the study by Ettnger et al., bone
turnover markers were almost completely suppressed.
In comparison, in the study of Cosman et al., bone
turnover markers were less suppressed and more in the
range that one tends to find in subjects after alen-
dronate therapy. Therefore, it is distinctly possible that
it is not so much the specific antiresorptive used prior
to teriparatide that dictates the subsequent densitomet-
ric response but rather the extent to which bone
turnover is reduced. To support this idea, the response
to teriparatide has been shown to be a function of the
level of baseline bone turnover in subjects not previ-
ously treated with any therapy for osteoporosis: the
higher the level of turnover, the more robust the den-
sitometric response to teriparatide (16). This may seem
counterintuitive, in that teriparadde stimulates bone
formation and might be expected to have a greater
effect in those with low bone turnover. This may relate
to the need for active osteoblasts, primed osteoblasts,
or progenitor osteoblast cells that are more receptive to
the effects of teriparatide in a high turnover state.

Concurrent use of anabolic and antiresorptive
therapy

It is attractive to consider combination therapy with an
antiresorptive and PTH as potentally more beneficial
than monotherapy given that their mechanisms of
action are quite different from each other. If bone
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resorption is being inhibited (andresorptive) while bone
formation is being stimulated (anabolic), combination
therapy might give better results than with either agent
alone. Despite the intuitive appeal of this reasoning,
important data to the contrary have been provided by
Black et al. (22) and by Finkelstein et al. (23). These 2
groups independently completed trials using a form of
PTH alone, alendronate alone, or the combination of a
PTH form and alendronate. Black et al. studied post-
menopausal women with 100 pg of PTH(1-84). The
study of Finkelstein et al. involved men treated with 40
1g of teriparatide. Both studies utilized DXA and QCT
to measure areal or volumetric BMD respectively. With
either measurement, monotherapy with PTH exceeded
densitometric gains with combination therapy or alen-
dronate alone at the lumbar spine. Measurement of tra-
becular bone by QCT, in fact, showed that combination
therapy was associated with substandally smaller increas-
es in BMD than monotherapy with PTH (figure 2).
Bone turnover markers followed the expected course for
anabolic (increases) or antiresorptive (decreases) thera-
py alone. However for combination therapy, bone
markers followed the course of alendronate, not PTH
therapy, with reductons in bone formation and bone
resorption markers. This suggests that the impaired
response to combination therapy, in comparison to
PTH alone, might be due to the dominating effects of
the antiresorptive agent on bone dynamics when both
drugs are used together.

In a short 6-month clinical trial, Deal et al. have
reported that the combination of teriparatide and
raloxifene may have more beneficial effects than
monotherapy with teriparatide in postmenopausal
osteoporosis (24). Bone formation markers increased
similarly in both groups. Bone resorption markers,
however, were reduced in the combination group.
BMD increased to a similar extent in the lumbar spine
and femoral neck in both groups, but the increase in
total hip BMD was significantly greater in subjects
treated with both teriparatide and raloxifene.

Consequences of discontinuing anabolic
therapy with PTH

Teriparatide is approved in most countries for a treat-
ment period of 18-24 months. There are obvious con-
cerns regarding the consequences of discontinuing
therapy following this relatively short period of time.
Some a priori concerns relate to the fact that new bone
matrix is not fully mineralized following PTH therapy.
Therefore, this new bone matrix could be at risk for
resorption if a period of consolidation with an antire-
sorptive is not used (25).

Published data addressing this concern were ini-
tially based on observational trials (22,40-42). These
studies, using either bisphosphonate (12,26,27) or
estrogen (28,29) therapy following PTH, suggested
that antiresorptive treatment may be necessary to
maintain densitometric gains achieved during PTH

Changes in Trabecular BMD
by QCT
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Figure 2. The effect of combination therapy with PTH(1-84) and alendronate on bone density of
the lumbar spine, The use of monotherapy with PTH(1-84) is clearly superior in increasing lumbar
spine BMD by QCT than combination therapy or monotherapy with alendronate. (Reprinted with

permission from (22))
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administration. With a stronger experimental design,
the PaTH study has provided prospective data in a ri-
gorously controlled, blinded fashion to address this
issue (30). Postmenopausal women who had received
PTH(1-84) for 12 months were randomly assigned to
an additional 12 months of therapy with 10 mg of
alendronate daily or placebo. In subjects who received
alendronate, there was a further 4.9% gain in lumbar
spine BMD while those who received placebo experi-
enced a substantial decline. By QCT analysis, the net
increase over 24 months in lumbar spine BMD among
those treated with alendronate after PTH(1-84) was
30%. In those who received placebo after PTH(1-84),
the net change in bone density was only 13%. There
were similar dramatic differences in hip BMD when
those who followed PTH with alendronate were com-
pared to those who were treated with placebo (13% vs.
5%). The results of this study establish the importance
of following PTH or teriparatide therapy with an
antiresorptive.

Fracture efficacy was reported in the 30-month
observational cohort following the trial of Neer et al.
(12). Subjects were given the option of switching to a
bisphosphonate or not taking any further medications
following teriparatide. A majority (60%) was treated
with antiresorptive therapy after PTH discontinuation.
Gains in bone density were maintained in those who
chose to begin andresorptive therapy immediately
after teriparatide. Reductdons in BMD were progres-
sive throughout the 30-month observational period in
subjects who elected not to follow teriparatide with
any therapy. In a group who did not begin antiresorp-
tive therapy until 6 months after teriparatide discon-
tinuation, major reductions in BMD were seen during
these first 6 months but no further reductions were
observed after antiresorptive initiation (26). Despite
these densitometric data, the effect of previous thera-
py with teriparatide and /or subsequent therapy with a
bisphosphonate on fracture preventon persisted for as
long as 31 months after teriparatide discontinuation.
Nonvertebral fragility fractures were reported by pro-
portionately fewer women previously treated with
PTH (with or without a bisphosphonate) as compared
with those treated with placebo (with or without a bis-
phosphonate; p< 0.03). In a logistic regression model,
bisphosphonate use for 12 months or longer was said
to add little to overall risk reduction of new vertebral
fractures in this post-treatment period. However, it is
hard to be sure of this conclusion, as the data were not
actually separately analyzed into those who did or did
not follow teriparatide treatment with an antiresorp-
tive. Also, the above findings were in an observational
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study in which participants self-selected for the use of
antiresorptive therapy after PTH treatment, making
the results even more difficult to interpret. One might
anticipate a residual but transient protection against
fracture after PTH treatment without follow-up
antiresorptive therapy, which could wane over time
(45). Additional studies are needed to address fracture
outcomes specifically. However, based particularly on
the PaTH trial, the importance of following PTH or
teriparatide therapy with an antiresorptive to maintain
increases in bone mass is clear.

Safety of PTH

Overall, PTH is well tolerated. A toxicity that appears
to be unique to animals and not applicable to human
subjects is osteosarcoma. The development of
osteosarcoma has been seen only in rats that have been
given very high doses of either teriparatide or PTH(1-
84) for prolonged periods of time (31). It is unlikely
that this animal toxicity is related to human skeletal
physiology (32,33), but in the United States there is a
warning included in the labeling instructions. Tashjian
and Gagel have recendy summarized our current
knowledge of this issue (new reference).

PTH and future considerations

In the future, PTH may be modified for easier and
more targeted delivery. Parathyroid hormone-related
protein (PTHrP) has also been studied as an anabolic
skeletal agent. In a small sample of postmenopausal
women, subcutaneous administration of PTHrP
resulted in a 4.7% increase in lumbar spine density
after only 3 months of treatment (34). Less frequent
administration of PTH, such as once weekly, might
also be an effective treatment option (35). Cosman et
al. have reported on the use of cyclical 3-month cours-
es of teriparatide against a backdrop of continued alen-
dronate use (21). In comparison to regular, uninter-
rupted teriparatide use, the cyclic administration of
teriparatide was associated with similar densitometric
gains. Of further interest was the observation that with
sequential 3-month cycles of teriparatide, bone forma-
tion markers that fell quickly when teriparatide was
stopped, were stimulated to the same degree with each
cycle. On the other hand, bone resorption markers
showed smaller increases with successive cycles. This
observation gives credence to the idea that the anabol-
ic window is actually expanded when teriparatide is
used in this context (35,36). Most recently, Cosman
et al. have shown that during long-term alendronate
therapy, a rechallenge with PTH after 12 months off
PTH increases bone formation, bone resorption and
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BMD to a similar extent as during the first course of
PTH administration (37). These data suggest that a
future paradigm might be a second course of PTH
given 12 months after a first course of therapy in
patients who remain at high fracture risk. Apart from

forms and ways to administer exogenous PTH, Gowen .

et al. described an oral calcilytic molecule that antago-
nizes the parathyroid cell calcium receptor, thus stim-
ulating the endogenous release of PTH (38). This
approach could represent a novel endogenous delivery
system for intermittent PTH administration.

Strontium ranelate

Animal data with strontdum ranelate suggest this com-
pound can both promote bone formation and inhibit
bone resorption (39). The exact cellular mechanism of
action of strontium ranelate remains unclear. The reg-
ulation of bone cell differentiation, namely stimulaton
of osteoblast proliferation and inhibition of osteoclast
formation, and activation of the calcium-sensing
receptor have been proposed as possible mechanisms
(39,40). It has also been suggested that there is a
cation-sensing mechanism distinct from the calcium-
sensing receptor that responds to strontium in
osteoblasts (41).

Clinical trials support the use of strondum
ranelate as a treatment for postmenopausal osteoporo-
sis (42-44). Two recent studies, the Spinal Osteo-
porosis Therapeutic Intervention (SOTT) (43) and the
Treatment of Peripheral Osteoporosis (TROPOS)
(44) trials have shown that strontium ranelate reduces
vertebral and nonvertebral fractures respectively. In
the SOTI trial, 1,649 postmenopausal women with
osteoporosis and at least one vertebral fracture were
randomized to receive cither 2 grams of strontium
ranelate per day or placebo for 3 years. Treatment
increased lumbar spine and femoral neck BMD, but
the true BMD increase is difficult to interpret, even
with corrective algorithms. This is because strontium
has an atomic number greater than calcium which will
weaken x-ray penetration and result in an over-estima-
tion of measured bone mineral density (69). Certain-
ly, the incorporation of the strontium ion into bone is
also causing an increase in bone density per se. After
making adjustments for the effect of strontum, lum-
bar spine BMD increased by 6.8% after 3 years. Stron-
tium ranelate reduced vertebral fractures by 49% fol-
lowing the first year of treatment and by 41% at the
end of the 3-year study period (p< 0.001). Increases in
bone formation markers and decreases in bone resorp-
tion markers were also observed with strontium treat-
ment, consistent with the idea that the drug both pro-
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motes bone formation and inhibits bone resorption.
The TROPOS trial, designed in parallel with the SOTT
trial, was conducted to determine strontium’s effects
on nonvertebral fractures. In this study, 5,091 post-
menopausal women with osteoporosis were random-
ized to either 2 grams/day of strontum ranelate or
placebo. The relative risk of all nonvertebral fractures
was reduced by 16% at 3 years (p= 0.04). In a subset
of women at high risk for hip fracture (age > 74 years,
BMD T score < -3), the risk of hip fracture was
reduced by 36% (p= 0.046). The incidence of vertebral
fractures also decreased in these subjects with a 39%
risk reducdon overall and a 45% risk reduction in the
subgroup without prevalent vertebral fractures. Stron-
tium ranelate was well tolerated in both trials with
nausea and diarrhea occurring more frequently only
during the first three months of therapy. Interestingly,
slight reducdons in PTH and calcium levels and a
slight increase in phosphorus concentrations were
observed in the strontium group as compared to place-
bo. These changes were of no clinical consequence but
would be consistent with activation of the calcium-
sensing receptor by strontium (44).

GROWTH HORMONE AND INSULIN-LIKE GROWTH
FACTOR

The rationale for considering GH and IGF-1 as poten-
tial anabolic agents is that both are critical for the acqui-
sition and maintenance of bone mass. Particularly in
men, GH and IGE-1 stimulate periosteal apposition, so
it is logical to expect both might be effective in human
subjects. An added theoretical advantage is salutary
effects on muscle strength and coordination, leading
potentially to a reduction in falls and fracture rates.

Growth hormone

Most of the studies utilizing GH, however, have been
disappointing. Changes in bone mass are minimal in
both men (45) and women (46,47). The lack of a ben-
eficial effect with GH on bone mass could be due to
the concomitant activation of bone resorption along
with formation, so that a net gain does not occur
(47 48). Another explanation for a lack of effect could
be the relatively short, one year, duration of many of
these studies. Recent evidence suggested a delayed and
what was ultimately a positive effect of GH on bone.
In a double-blind, randomized, placebo-controlled
trial, 80 postmenopausal women with osteoporosis on
estrogen replacement therapy were administered either
placebo, GH 1.0 U/day, or 2.5 U/day for 18 months
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(49). Women in both treatment groups continued GH
for an additional 18 months. Although there were no
significant differences between groups after 3 years, at
4 years, the higher dose of GH resulted in a 14%
increase in lumbar spine bone mineral content. These
unexpected results conflict with most data on effective
osteoporosis therapies in which major increases in
bone mass are typically limited to the first three years
of therapy. One possible explanation for the “catch-
up” bone gain after GH withdrawal might be that the
drop in IGF-1 halts GH-stmulated resorption but
allows osteoblastic stimulation to persist (50).

IGF-1

IGF-1 promotes chondrocyte and osteoblast differenti-
ation and growth (51). It is also a pivotal factor in the
coupling of bone turnover, as it is stored in the skeletal
matrix and released during bone resorption (51). When
the IGF-1 receptor in bone is knocked out in mice,
decreased bone formation and suppressed mineraliza-
tion ensue (52). Two prospective clinical studies have
suggested that Jow levels of IGF-1 are associated with
a greater risk of spine and hip fractures (53,54).

Data on IGFE-1 therapy exist for postmenopausal
and young women. IGF-1 theoretically is more appeal-
ing than GH, because it stimulates bone formation
more directly. When clderly women were administered
low doses of rhIGF-1, markers of bone formation were
~ differentally simulated with only a minimal increase in
bone resorpton (55). Similarly, markers of bone for-
mation increased in short-term trials of young women
with anorexia nervosa administered IGE-1 alone (56)
or in combination with risedronate (18). A major
drawback to the development of IGF-1 as a therapy for
osteoporosis is its ubiquitous effect on many organ sys-
tems. Similar to GH, potential serious adverse effects
could surface with its chronic use.

FUTURE ANABOLIC THERAPIES

Other promising anabolic agents are on the horizon.
For example, compounds that might augment the
recently identified wnt-signaling pathway, such as
inhibitors of sclerostn (57), could yield potentially
powerful anabolic effects in the years to come.

CONCLUSIONS
Although antiresorptives remain the mainstay of
osteoporosis treatment, the advent of anabolic skeletal

agents is changing our approach to therapy. Of the
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anabolic agents discussed above, parathyroid hormone
has clearly emerged as the most promising current
treatment. For the first ime, a drug is available that
not only improves bone density, features of bone
turnover, and reduces fracture incidence, but also sig-
nificantly improves microarchitectural and geometric
properties of bone. These changes in bone quality
induced by teriparatide are attractive considering the
goal of therapy for osteoporosis, namely to improve
the basic underlying abnormalities that give rise to
skeletal fragility. Recent studies have given insight on
the optimal use of this agent, including the importance
of subsequent antiresorptive treatment to preserve
gains in bone mass incurred during PTH therapy.
With the development of additional and more cost-
effective therapies, the use of anabolic agents will like-
ly increase in the years to come.
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Effetto della terapia con teriparatide [ormone paratiroideo
umano (1-34)] sulla densita ossea in uomini con 0osteoporosi

ES Orwoll!, WH Scheele?, S Paul?, S Adami®, U Syversen*, A Diez-Perez’, J-M Kaufman®, AD Clancy®, GA Gaich®

ABSTRACT

11 teriparatide {[rhPTH(1-34)] incrementa la densita minerale ossea e riduce il rischio di fratture vertebrali nelle don-
ne. Abbiamo randomizzato 437 uomini, con densiti minerale ossea del rachide o del’anca superiore pari a 2 DS al di
sotto della media calcolata per i maschi adulti giovani, a iniezioni giornaliere di placebe, teriparatide 20 pg o teripa-
ratide 40 pg. Tutti i soggetti hanno ricevato anche dei supplementi di calcio e vitamina D. Lo studio ¢ state concluso
dopo una durata mediana di 11 mesi a causa del riscontro di osteosarcomi nei ratti nel corso di studi tossicologici di
routine. Nel corse del trattamento, alP’aumento precoce dei markers biochimici di neoformazione ossea, hanno fatto
seguito aumenti degli indici di attivita osteoclastica. Dopo 3 mesi di terapia con teriparatide, la densita minerale ossea
del rachide ¢ risultata maggiore rispetto ai soggetti trattati con placebe, e alla fine del trattamento ¢ aumentata del
5,9% (20 pg) e del 9,0% (40 pg) rispetto al basale (p<0.001 vs placebo per entrambi i confronti). Nei soggetti tratta-
ti con teriparatide la densita minerale ossea del collo femorale & aumentata dell’1,5% (20 pg; p=0,029) e del 2,9%
(40 pg; p<0,001), ¢ il contenuto minerale osseo dell’intero scheletro & aumentato dello 0,6% (20 pg; p=0,021) e dello
0,9% (40 pg; p=0,005) rispetto al basale. Non & stata osservata alcuna variazione della densita minerale ossea radiale
nei gruppi di trattamento con teriparatide. Le risposte al trattamento con teriparatide in termini di densita minerale
ossea sono risultate simili indipendentemente da stato gonadico, eth, densitd minerale ossea basale, body mass index,
abitudine al fumo o consume di alcol. 1 soggetti hanno presentato modificazioni del metabolismo minerale che erane
attese. Gli eventi avversi sono risultati simili nei gruppi di trattamento con placebo e teriparatide 20 pg, mentre sono
stati piti frequenti nel gruppo di trattamento con teriparatide 40 pg. Questo studio dimostra che il trattamento con
teriparatide determina un aumento della densitd minerale ossea ed ¢ una potenziale utile terapia per Posteoporosi
negli uomini. (J Bone Miner Res 2003;18:9-17).

Parole chiave: teriparatide, osteoporosi, uomini, terapia farmacologica, densita ossea.

INTRODUZIONE con l'avanzare dell’etd (4). 11 30% circa degli womini di razza
.. .. " bianca di etd avanzata presenta deformita vertebrali prevalenti
ebbene si riscontri pid frequentemente nelle donne, I'osteo- . .- .. . -
. . . (5) e ghi vomini colpiti da {ratture vertebrali soffrono di varie
porosi nel sesso maschile rappresenta un importante pro- ity quali dolore e compromissione funzionale (6). Negli
blema di salute pubblica (1). La densita minerale ossea (BMD) A, quan P S heE!
N . S .. uomini gia colpiti da una [rattura vertebrale, la probabilita di
& comunemente bassa negli uomini pil anziani ed & stretia- . . N .
s i ) . andare incontro a frattara dell’anca & quattro volte superiore a
menle correlata ad un aumentato rischio di fratture (2). Circa .
. , . quella delia popolazione generale (7).
il 27% delle fratture dell’anca — la conseguenza pil devastante . P . - .
y e o . . . Negli uomini I'osteoporosi & generalmente idiopatica (8) e
dell’osteoporosi — si verifica nel sesso maschile, e ci si aspetta . s . .
. y . . sono stati studiati adeguatamente solo pochi trattamenti poten-
che questo numero aumenti con 'espansione della popolazione . s . .. .
zialmente diretti alla cura di questa condizione. In un ampio

anziana (3). Negh uomini, anche il rischio di andare incontro . . .. ..
ad upa frattura vertebrale sintomatica aumenta rapidamente trial, 1a terapia lanuna.sso‘rbm.va con alendronato ha aumel_'nalo
ta BMD e ha ridolto il rischio di frattura veriebrale negli vo-
mini con osteoporosi (9). Nelle donne in postmenopausa con
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vertebrali e non vertebrali (10). Sebbene le terapie anaboliche
negli uomini sono state molto meno studiate, in piccoli trial la
terapia con ormone paratiroideo (1-34) ha determinato un au-
mento della BMD (11-12), suggerendone una sua possibile uti-
lita nel trattamento dell’osteoporosi nell'vomo. In questo studio
abbiamo valutato I'utilitd del teriparatide in un ampio gruppo
di uomini con riduzione della densita minerale ossea maggiore
di 2 DS al di sotto della media calcolata per i maschi adulti gio-
vani. Abbiamo inoltre accertato Finfluenza esercitata dai livelli
di ormoni sessuali, dal’abitudine al fumo e da altri fattori sulla
risposta al teriparatide.

MATERIALI E METODI

Soggetti

Gli uomini sono stati reclutati in 37 centri dislocati in 11
Paesi, nell'ambito di cliniche ospedaliere e strutture di assi-
stenza primaria. 1 soggetli sono stati considerati eleggibili se
di eta compresa tra 30 e 85 anni, pazienti ambulatoriali, liberi
da condizioni croniche disabilitanti diverse dall’osieoporosi, e
con BMD del rachide lombare o del femore prossimale (collo
o totale) almeno 2 DS al di sotto della media calcolata per gli
uomini giovani sani (rachide lombare: 0,871 g/cm? per i den-
sitometri della Hologic e 0,980 g/cm® per i densitometri della
Lunar). Al ricercatori & stato richiesto di arruolare un ngual
numero di soggetti con livello basso e normale di testosterone
libero.

Gli uomini con malattie metaboliche ossee secondarie, in-
cluso Peccesso di glucocorticoidi, sono stati esclusi. Aliri mo-
tivi di esclusione sono stati: utilizzo di agonisti o antagonisti
degli estrogeni, cumarinici e derivati dell’indandione, anti-
convulsivi {diversi daile benzodiazepine), antiacidi contenen-
1i calcio o alluminio, o di qualsiasi altro farmaco in grado di
alterare il metabolismo osseo; storia di nefrolitiasi o urolitiasi
nei 2 anni precedenti la randomizzazione; sprue, malattia in-
fiammatoria intestinale, sindrome da malassorbimento, o qual-
siasi indicazione di scarso assorbimento intestinale del caicio,
quale la combinazione di ridotia escrezione urinaria del calcio
ed elevato livello sierico di ormone paratiroideo intatto, nell’an-
no precedente la randomizzazione; funzione renale o epatica
significativamente compromessa; abuso di alcol (>6 bicchieri
al giorno) o di stupefacenti nell’anno precedente la randomiz-
zazione. | soggetti sono stati esclusi nel caso in cui avessero
presentato, nell’anno precedente la randomizzazione, disturbi
ossei di origine metabolica diversi dall’osteoporosi primaria,
quali morbo di Paget, osteodistrofia renale, osteomalacia o aliri
disturbi riconosciuti come causa di alierazione del metabolismo
osseo.

1 livelli sierici di calcio e dell’ormone paratiroideo endoge-
no, nonché Pescrezione urinaria del calcio nelle 24 ore, erano
normali in tatti 1 soggetti. Sono stati considerati non eleggibili
anche gli uomini che avevano ricevuto, nei 6 mesi precedenti,
un trattamento per I'osteoporosi con androgeni o altra terapia
anabolica steroidea, calcitonina, progestinici, fluoruri, bisfo-
sfonati orali, vitamina D >50.000 Ul/settimana, o analoghi del
calcitriolo. Tuttavia i pazienti affetti da ipogonadismo, nei quali
i dosaggi di androgeni o di altri steroidi anabolici erano sta-
ti mantenuti stabili nei 6 mesi precedenti la randomizzazione,
sono stati considerati eleggibili e hanno continuato tale terapia
durante lo studio. 1 soggetti con deficit dell’ormone delia cre-
scita da qualsiasi causa, inclusi pregressa chirurgia, tumore o
radioterapia a livello della ghiandola ipofisaria, non sono stati
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considerati eleggibili per I'arruolamento. Sono stati esclusi an-
che gli vomini con sospetto carcinoma o storia di carcinoma (ad
eccezione del carcinoma cutaneo) nei 5 anni precedenti la ran-
domizzazione. Gli vomini con alterazioni a livello del rachide
lombare di gravita tale da impedire la valutazione della BMD
non sono stati considerati eleggibili. Lo studio & stato approvato
dai comitati etici di ciascun centro e i pazienti hanno fornito il
consenso informato scritto alla partecipazione allo studio.

Trattamento

1 soggetti sono stati assegnati (mediante randomizzazione
centralizzata a blocchi di tre) al trattamento con placebo, teri-
paratide 20 pg o teriparatide 40 ug (prodotio mediante tecnolo-
gia del DNA ricombinante). La sequenza di randomizzazione &
slata generata da una tavola numerica casuale ed & stata stratifi-
cala in base alla misurazione iniziale dei livelli di lestosterone
al mattino (normale vs basso a seconda dell’eta del paziente). 1
ricercatori e i pazienti erano in cieco rispetto all’assegnazione
del trattamento.

1 pazienti si sono awto-somministrati iniezioni giornaliere
sotiocule di teriparatide o placebo mediante un apparecchio
iniettivo. La valutazione della compliance & stata effetiuata me-
diante il conteggio del numero di dosi non utilizzate restituite
nel corso delle visite previsie dallo studio. I pazienti hanno rice-
vuto anche supplementi orali giornalieri di calcio (1000 mg) e
vitamina D (400-1200 Ul), a partire da almeno 1 mese dopo la
randomizzazione. Lo studio era stato originariamente pianifi-
caito per una durata di almeno 24 mesi, ma & stato interrotto pri-
ma dallo sponsor dal momento che studi tossicologici di routine
hanno evidenziato la comparsa di osteosarcomi nei ratti Fischer
344 rrattati con teriparatide per quasi tutia la vita (13).

Misurazioni

La BMD ¢ stata valutata wtilizzando I"assorbimetria a raggi
X a doppia energia (DX A: Hologic o Lunar). Tutte le scansioni
sono state revisionate e analizzate a livello centrale, e sono state
escluse dall’analisi le vertebre con fratture o artefatti. La BMD
del rachide lombare & stata misurata al basale e a 3, 6 e 12 mesi
e/o al momenio della visita finale. La BMD dell’anca, dell'inte-
1o scheletre e quella radiale sono state misurate al basalee a 12
mest e/0 al momento della visita finale. Le misurazioni dell'in-
tero distretto corporeo non hanno incluso il capo.

1 marker biochimici di neoformazione ossea [fosfatasi alca-
lina ossea sierica (ALP ossea), procollagene 1 carbossitermi-
nale (PICP) sierico] e di riassorbimento {N-telopeptide urina-
rio (NTX), desossipiridinolina libera urinaria (fDPD), e 1,25
diidrossivitamina D [1,25-(OH)_D] sono staii misurati al basale
eal, 3 6e 12 mesi. La ALP ossea & stala misurata median-
te dosaggio radicimmunometrico a 2 siti (CV interdosaggio
<8%}); la PICP & stata misurata medianie dosaggio radicimmu-
nologico all’equilibrio (CV interdosaggio <8%), 'NTX & stato
misurato mediante ELISA ad inibizione competitiva (CV inter-
dosaggio <11%), la fDPD & stata misurata mediante dosaggio
immunoenzimatico competitivo (CV interdosaggio <13%), ¢
fa 1,25-(OH),D ¢ stata misurata mediante dosaggio di legame
radiorecettoriale (CV interdosaggio <10%). La misurazione
del calcio nel siero & stata effettuata a 1, 3, 6 e 12 mesi, entro
le 4-6 ore successive alliniezione. I campioni utilizzati per la
valutazione dell’escrezione del calcio e della creatinina nelle
urine delle 24 ore sono stati misurati al basale edopo 1, 6 e
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TABELLA 1. CARATTERISTICHE DEI SOGGETTT AL BASALE (MEDIA £+ Ds 0 PERCENTUALD)

Piacebo Teriparatide Teriparatide

Caratteristica (N = 147} 20ug (N = 151) 40 pg (N = 139)
Razza bianca (%) 100 99 99
Eti (anni) 59+ 13 59+ 13 58+13
Body mass index (kg/m?) 25+4 25+ 4 25+4
Apporto di calcio (g/die) 0,86 + 0,57 0.84 +0.54 0.80 + 0,50
Abitudine al fumo (%) 32 30 27
Consumo di alcol (%) 69 76 63
Pregressa terapia per [’ osteoporosi (%) 12 15 18
Basso livello di testosterone libero (%) 50 48 49
BMD vertebrale (g/em?®) 0.85+ 0,14 089 +0,15 0.87 +0.14
T-score

Rachide lombare -24x12 -20+13 -22+12

Collo femorale -27+038 =26 +0.38 -27+08

Anca totale -1,9+038 -1.8+08 -19+09

12 mesi di trattamento. Se i soggelii trattati con teriparatide
presentavano un elevaio livetlo sierico di calcio (livello sierico
di calcio non corretto 22,64 mM) o un’escrezione urinaria del
calcio superiore a 350 mg (8,8 mmol)/die, unitamente ad un
aumentato rapporto calcio/creatinina nelle urine, & stata effet-
tuata una riduzione o la sospensione della dose del supplemenio
di calcio, o la dose del farmaco dello studio & stata ridotta della
meta secondo il giudizio del ricercatore. Se nel corso di test ri-
petuti tale aumento risultava costante, la somministrazione del
farmaco dello studio & stata interrotta.

La misurazione dei livelli di testosterone libero al basale &
stata effettuata su due campioni sierici, ¢ la media dei risultati
& stata utilizzata per analisi successive. I livelli di testostero-
ne sono stati confrontati con i valori di riferimento normali in
base all’eta. La stima del testosierone libero & stata effettuata
mediante uno specifico dosaggio radioimmunologico compe-
titivo (CV interdosaggio <16%). 1 livelli sierici di estradiolo
sono stati determinati su campioni prelevati al basale, utiliz-
zando uno specifico dosaggio radioimmunologico sequenziale
con doppio anticorpo (CV interdosaggio <10%: limite di rile-
vamento, 1,4 pg/ml). Lesame emocromocitometrico completo,
la valulazione dei parametri biochimici e I'esame delle urine
sono stati effettuati al basale, a 6 ¢ 12 mesi, e/o al momento
della visita finale. La determinazione deil'ormone paratiroideo
intatto (1-84) nel siero & stata effetinata mediante un dosaggio
immunoradiometrico validato, al basale e a 12 mesi. Gl anti-
corpi sierici diretti contro il teriparatide sono stati misurati al
basale e dopo 12 mesi mediante dosaggio radioimmunologico
indiretto. Gli eventi avversi sono stati registrati ad ogni visita,
sulla base delle segnalazioni spontanee dei pazienti. 11 consumo
di alcol e abitudine al fumo sono stati determinati al basale e
alla fine dello studio.

Analisi statistica

L'obiettive primario dello studio & stato quello di determina-
re le variazioni dal basale alla fine dello studio della BMD del
rachide lombare nel corso di 2 anni di trattamento. Gli obietti-
vi secondari hanno incluso la determinazione delle variazioni
dal basale alla fine dello studio della BMD dell’anca totale, del
collo femorale, dell'interirocantere, del trocantere, del radio e
dell'intero scheletro, nonché quelle del contenuto minerale os-
seo (BMC) dell’intero distretto corporeo. 1 risultati sono stati
analizzati su base intention-to-treat con I'ultima osservazione

portata al termine al punto finale. Le analisi longitudinali han-
no incluso tutti i pazienti con almeno un valore determinato
dopo il basale. Le misure continue sono state analizzate me-
diante ANOVA, includendo termini per trattamento e Paese di
appartenenza. Dal momento che la distribuzione dei marker
biochimici & risultata altamente asimmetrica, & stato utilizzato
PANOVA ranked, e le mediane sono state presentate come mi-
sura di tendenza centrale. Per le misure categoriali, i trattamen-
ti sono stati confrontati mediante il test ¥* di Pearson. Tutti i test
sono stati di tipo two-tailed con un livello di significativita di
0,05. Per determinare le correlazioni tra le variabili basali (qua-
li caratteristiche demografiche, abitudine al fumo e consumo di
alcol, ormoni sessuali, BMD, ¢ marker biochimici di turnover ¢
neoformazione ossei) in relazione alle variazioni dal basale alla
fine dello studio della BMD e dei marker biochimici di turnover
osseo, sono stale effettuate ulteriori analisi esplorative di sotto-
gruppo. Per effettuare le analisi di sotiogruppo & stato mtilizzato
PANOVA con trattamento, Paese di appartenenza, sottogruppo
e sottogruppo per interazione con il tratlamenito, e interazione
& stata testata al livello di significativiti di 0,10. Le analisi stati-
stiche sono state effettuate con il SAS v6,00 per MVS.

RISULTATI

Dei 959 vomini selezionati, 437 sono stati considerati eleggi-
bili per I'arruolamento e randomizzati a placebo (147 soggetti) o
teriparatide 20 pg/die (151 soggetti) o 40 pg/die (139 sogeett).
Le caratteristiche demografiche basali degli uomini sono risul-
1ate simili nei tre gruppi dello studio (Tabella 1). Duecentoun-
dici soggetii (49%) presentavano livelli basali di testosterone
libero sierico al di sotto dei gruppi di riferimento in relazione
allera. Diciannove uomini stavano ricevendo dosi stabili di an-
drogeni: sette nel gruppo placebo, cinque nel gruppo 20 pg e
seite nel gruppo 40 pg.

La durata del trattamento per tutti i pazienti inclusi nell’ana-
lisi & variata da 2 a 15 mesi. L'esposizione mediana al trattamen-
1o & risultata di 11 mesi, ma leggermente inferiore nei gruppi
teriparatide rispeito al gruppo placebo (mediana di 328 giorni
per il placebo, di 313 giorni per teriparatide 20 pg e di 302 per
teriparatide 40 pg: p=0,046). Trecentoundici (71,2%) soggeti
hanno ricevuto teriparatide o placebo per almeno 9 mesi: 114
(77,6%) nel gruppo placebo, 106 (70.2%) nel gruppo teriparati-
de 20 pg e 91 (65,5%) nel gruppo teriparatide 40 pg. In base al
numero degli apparecchi iniettivi restituiti nel corso delle visite
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TABELLA 2. VARIAZIONE PERCENTUALE DELLA DENSITA E DEL CONTENUTO MINERALE OSSEI DAL BASALE ALla FINE DELLO STUDIO

Placebo Teriparatide, 20 ug Teriparatide, 40 ug
Variazione Variazione Valore Variazione Valore Valore di p,
percentuale percentuale dip percentuale dip teriparatide 20 ug

Misurazione scheletrica {media + DS) {media + DS) vs placebo {media + DS} vs placebo vs 40 ug
Densiti minerale ossea (g/cm?)

Rachide lombare 0,52+3,90 5,87 £4,50 <0.001 9,03 + 6,46 <0,001 <0,001

Collo femorale 031+41 1,53+395 0,029 2,93 +6.34 <0,001 0,023

Trocantere 1,09+ 330 133+415 NS 2,08+532 NS NS

Intertrocantere 0,61 +2.87 1,18+3,09 NS 234+ 441 <0,001 0,012

Anca totale 054270 1,17+294 NS 2,33 x 441 <0,001 0.009

Radio distale -0,15+187 ~-046 + 239 NS ~0,56 +2.36 NS NS

Radio ultradistale -0,29 + 317 -0,48 + 321 NS 022+582 NS NS

Intero corpo -0,36+272 040+293 NS 051+243 0,023 NS
Contenuto minerale osseo

dellintero corpo (g) ~-045+275 0.64 3,65 0,021 0,87 £3.65 0.005 NS

NS=non sigaificativo.

dello studio, 1a percentuale media di farmaco assunto in ciascun
gruppo di trattamento & stata pari al 79%.

Ottantuno pazienti hanno abbandonato lo studio precoce-
mente (17 nel gruppo placebo, 28 nel gruppo 20 pg e 36 nel
gruppo 40 pg). Le interruzioni dello studio sono state dovute
nella maggior parte dei casi alla comparsa di eventi avversi (36
pazienti) o in seguito a decisione del paziente (25 pazienti), e
sono risultate piir frequenti nei gruppi teriparatide. Altre cause
di interruzione dello studio sono state: utilizzo di farmaci non
consentiti, alterazioni clinicamente rilevanti dei valori di labo-
ratorio, perdita di efficacia dovuta a progressione della malattia,
mancata compliance, perdita al follow-up, trasferimenti del pa-
ziente, decisione del medico, mancato rispetto di un criterio di
inclusione e morte.

BMD e BMC dell’intero corpo

11 trattamenio giornaliero con teriparatide 20 pg e 40 pg ha
incrementaio in modo dose-dipendente la BMD del rachide
lombare e del collo femorale (Tabella 2). Anche il BMC del-
Pintero corpo & aumentato in entrambi i gruppi teriparatide.
La BMD del rachide lombare & risultata maggiore nei gruppi
teriparatide rispetto al gruppo placebo a partire dal terzo me-
se (Figura 1). Circa il 40% dei pazienti nel gruppo placebo ha

-
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Figura 1. Variazione percentuale (media + ES) della densitd minerale ossea
del rachide lombare dal basale alla fine delio studio per i casi osservati a 3, 6
€ 12 mesi. TPTD20, teriparatide 20 pg; TPTD40, teriparatide 40 pg.

presentato una riduzione netta della BMD del rachide lombare
alla fine dello studio, mentre la BMD del rachide lombare si &
ridotta del 7,1% dei pazienti nel gruppo teriparatide 20 ug e del
6,2% nel gruppo teriparatide 40 pg. La BMD del rachide lom-
bare ¢ aumentata del 5% o pid nel 55% dei pazienti del gruppo
20 pg e nel 71% del gruppo 40 pg, rispetto al 9,8% del gruppo
placebo. Alla fine dello studio, la variazione percentuale della
BMD dell’anca totale, intertrocanterica e dell’intero corpo os-
servala nel gruppe 40 pg ¢ risultata maggiore di guella osserva-
1a nel gruppo placebo (Tabella 2). 1 valori della BMD 4 livello
del radio distale e ultradistale non sono risultati differenti tra i
gruppi teriparatide e placebo.

Marker biochimici di rimodellamento osseo

1 trattamento con teriparatide & risultato associalo ad auo-
menti dose-dipendente degli indici biochimici di neoformazio-
ne (ALP cssea, PICP) e di riassorbimento (NTX, fDPD) ossei
(Figura 2). 1 marker dell’attivita osteoclastica sono aumentati
dopo 1 anne di trattamento con teriparatide {(p<0.001), mentre
nel gruppo placebo si sono mantenuti stabili (PICP) ¢ sono an-
dati incontro ad una lieve riduzione (ALP ossea). Nei gruppi te-
riparatide, le concentrazioni della ALP ossea hanno raggiunto
il valore massimo dope 6-12 mesi di lerapia €, a 12 mesi, sono
risultate aumentate del 29% e del 59% rispetto al valore basale
nei gruppi 20 pg e 40 pg. rispettivamente (p<0,001 per entram-
bi i confronti). 1 livelli sierici della PICP hanno raggiunto il
picco dopo 1 mese di trattamento con teriparatide in entrambi i
gruppi 20 pg e 40 pg (p<0,001), per poi ridursi progressivamen-
te nei mesi successivi. 1 marker di riassorbimento osseo (NTX
¢ fDPD) si sono mantenuti stabili nel gruppo placebo, mentre
sono aumentati nei gruppi teriparatide. L'escrezione urinaria sia
dell’'NTX che della TDPD & risultata maggiore rispetio a quella
osservala nel gruppo placebo a partire dal completamento del
primo mese di trattamento ¢ si & mantenuta elevata per tutto il
corso dello studio.

Metabolismo mineraie

Le concentrazioni medie di calcio nel siero, misurate 4-6
ore dopo I'iniezione di teriparatide, sono risultate pit elevate
nei gruppi leriparatide a tutti i time point (p<0,001 vs placebo;
Figura 3). 1 livelli sierici di calcio sono risultati al di sopra del
limite superiore del valore normale (>2,64 mM) nel 6,2% dei
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soggelli tratiati con teriparatide 20 pg (p = 0,003 vs placebo) e
nel 16,.8% dei soggetii traitati con teriparatide 40 ug (p <0,001
vs placebo). Quasi tutti questi episodi si sono verificati nelle
prime 28 settimane dello studio (89% e 91% nei gruppi 20 pg
e 40 pg, rispettivamente). Due pazienti nel gruppo 20 pg ed 8
pazienti nel gruppo 40 pg hanno presentato, in pit di un’oc-
casione, elevate concentrazioni sieriche di calcio post-dose. La
supplementazione di calcio & stata ridotta in 4 pazienti nel grup-
po 20 ug e in 12 pazienti nel gruppo 40 pg per la comparsa di
aumento post-dose dei livelli sierici di calcio, di aumento del-
Pescrezione urinaria delle 24 ore del calcio, o di sintomi quali
nausea o cefalea. La dose di teriparatide & stata ridotta da 40
a 20 pg in 7 pazienti. Tre pazienti (2%) nel gruppo 20 pg e sei
pazienti (4%) nel gruppo 40 pg hanno abbandonato Io studio a
causa dell’aumento dei livelli sierici di calcio dopo l'iniezione
del farmaco.

11 rattamento ha determinato un aumento dell’escrezione uri-
naria media del calcio in tutti i gruppi (20-40 mg/die al di sopra
del valore basale; Figura 3), ma I'aumento si & verificato quando
si &€ cominciato a somministrare la supplementazione di calcio
e vilamina D all’inizio dello studio e non & aumentata ulierior-
mente dopo lNinizio della terapia con teriparatide o placebo.

Non vi sono state differenze ira i gruppi di trattamento per
quanto riguarda P'incidenza di alierata escrezione urinaria del
calcio [>350 mg (8,8 mmol)/24 ore] o alterato rapporto urinario
calcio/creatinina (>1,0 mmol calcio/mmol di creatinina).

Le concentrazioni di 1,25-(OH),D sono aumentate in en-
trambi i gruppi 1eriparatide rispetto al gruppo placebo (Figura
4). In entrambi i gruppi teriparatide, la 1,25-(OH),D ha rag-
giunto il picco dopo 1 mese (p<0,001 vs placebo per entrambi i
gruppi teriparatide) e si & mantenuta elevata per tula la durata
dello studio. A partire dal dodicesimo mese, 'ormone parati-
roideo intatto (1-84) sierico si & ridotto al di sotto del limite di
quantificazione (16 pg/ml) nel 91,9%. nell’89,8% e nell’88,1%
dei pazienti nei gruppi placebo, 20 pg e 40 pg, rispettivamente.
Nel siero prelevato da 2 pazienti & stata identificata, nel corso di

6 12
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Figura 3. (A) Livelli sierici di calcio (mediae 10° e 90° percentile) 4-6 dopo
I"iniezione di teriparatide {post-dose) nel corso dello studio. (B) Escrezione
urinaria de! calcio durante o studio. Poiché alcuni pantecipanti non hanno
completato i 12 mesi dello studio. il numero di soggetti inclusi nelle analisi
al time point di 12 mesi rappresenta circa la meta di guelli che hanno com-
pletato lo studio. TPTD20, teriparatide 20 pg; TPTD40, teriparatide 40 ug.
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nuio costante per tutto il periodo di trattamento. Questi risultati
sono simili a quelli riportati da Kurland et al. (12), che hanno
rilevato aumenti della BMD in uomini con osteoporosi idiopa-
tica trattati con ormone paratiroideo (1-34). In questo studio,
il decorso temporale e la magnitudine della variazione della
BMD vertebrale sono stati simili a quelli osservati in uno stu-
dio sull'impiego del teriparatide nelle donne (10,14). Sebbene la
durata della terapia in questo studio sia stata breve (mediana, 11
mesi), gli aumenti della BMD indotti dalla terapia con teripara-
tide sono risultati superiori a quelli osservati dopo un periodo
di 1 anno negli uomini trattati con alendronato (9).

I rapidi aumenti, di tipo dose-dipendente, degli indici bio-
chimici di turnover osseo, simili a quelli riportati in prece-
denza (12), sono compatibili con una modalita d’azione di tipo
anabolico per il leriparatide. Gli aumenti indicano un'attiva-
zione globale del rimodellamento, mentre il rapido e prolun-
gato incremento della BMD durante il trattamento con teripa-
ratide indica un equilibrio nel rimodellamento continuamente
positivo in favore della neoformazione ossea. L'incremento
precoce della BMD & suggestivo di una rapida stimolazione
dell’attivita osteoblastica da parte del ieriparatide, che verosi-
milmente si verifica attraverso una stimolazione degli osteo-
blasti esistenti o un’attivazione di cellule di rivestimento (15).
Questa risposta & alquanto differente da quella che si verifica
in seguito a lerapia antiriassorbitiva, durante la quale si verifi-
ca una soppressione dei marker di turnover osseo, che riflette
un ridotio rimodellamento osseo (16). 11 pattern di risposta
della PICP sierica, che & risultato di breve durala e distinto

da quello defla ALP ossea sierica, supporta l'ipotesi secon-

do la quale non tutti i marker forniscono informazioni inter-
cambiabili sulla funzione osleoblastica. Le ragioni in grado
di spiegare questi pattern di risposta distinti non sono chiare,
ma gli effetti del teriparatide sugli osteoblasti sono complessi
€ possono includere stimolazione di osteoblasti attivi, attiva-
zione delle cellule di rivestimento, reclutamento e differen-
ziazijone di precursori osleoblastici, e riduzione dell’apoptosi
osteoblastica (12).

I soggetti trattati con teriparatide hanno mostrato le varia-
zioni attese dell'omeostasi minerale, inclusi piccoli aumenti del
calcio sierico nelle 4-6 ore successive all'iniezione e aumento
dei livelli della 1,25-(OH),D 1 mese dopo I'inizio delia terapia,
eventi che indicano un’azione indipendente del teriparatide sul
metabolismo minerale. Dopo !inizio della supplementazione
di calcio e vitamina D, il calcio urinario & aumentato in ttti
i gruppi, suggerendo che Lale supplementazione ha influenzato
in misura maggiore I'escrezione del caicio. It PTH endogeno &
stato soppresso al di sotto del limite di quamiificazione, sia nel
gruppo placebo che nei gruppi teriparatide. Anche Kurland et
al. (12) hanno riscontrato che il PTH endogeno si & ridotto del
50% rispetio al basale a 6 mesi in un gruppo di uomini osteo-
porotici trattati con 400 Ul di PTH (1-34) al giorno (equivalenti
a circa 25 pg); inoltre tale valore & risultato pidl basso del 40%
dopo 18 mesi di terapia (p=0,05 vs placebo). Tuitavia, Cosman
et al. (17) hanno dimostrato che donne in postmenopausa tratta-
te con ieriparatide 400 Ul al giorno per un periodo fino a 3 anni
non hanno avuto alcuna perdita per quanto riguarda la risposta
del PTH endogeno.

Circa la meth dei partecipanti ha presentato livelli sierici di
testosterone libero al di sotto dei range di riferimento norma-
li in base all’etd. Ciononostante, gli aumenti detla BMD e dei
marker di turnover osseo in risposta al teriparatide sono risultati

indipendenti dalle concentrazioni di testosterone ed estradiolo
rilevate al basale. Questa osservazione ¢ di notevole significato,
dal momento che in alcuni studi in vitro e su modelli animali
gli steroidi sessuali hanno influenzato la responsivita delle cel-
lule osteoblastiche all'ormone paraliroideo (18-20). Negli vo-
mini con osteoporosi vengono frequentemente riscontrati bassi
liveili di testosterone e di estrogeni (21), ma secondo quanto
emerso da questo studio essi non costituiscono un fatiore de-
terminanie nella risposta al teriparatide. Inoltre il consumo di
alcol e Iinvecchiamento, condizioni che sono state associate
a riduzione della neoformazione ossea, non hanno ridotto né
la stimolazione del rimodellamento osseo né 'aumento della
BMD indotto dal teriparatide.

La durata prevista dello studio era di 24 mesi, ma il riscon-
tro di osteosarcomi nei ratti trattati con teriparatide, nel corso
di test standard di cancerogenicita, ha portato alla precoce in-
terruzione della somministrazione del farmaco. Lesposizione
totale al teriparatide & stata limitata ad una durata mediana di
11 mesi. Un’ampia review ha concluso che il riscontro nei ratti
[esposti a dosi giornaliere di PTH(1-34) per 1a maggior parte
della loro vita] non & predittivo di un aumento del rischio neghi
uomini trattati durante la vita adulta per periodi relativamente
brevi (22). Nei primati non umani sottoposti ad ooforectomia
bilaterale e trattati per 18 mesi con dosi di teriparatide da 4 a
10 volte superiori la dose massima per I'uomo, non sono stati
osservati osteosarcomi. In diversi test standard (il 1est in vitro
di mutagenesi batterica con e senza attivazione metabolica, il
test del linfoma murino per la mutazione cellulare dei mam-
miferi, il test di aberrazione cromosomica su cellule ovariche
del criceto cinese, e il test di micronucleo in vivo nei topi) il
teriparatide non & risultato mutageno né genotossico. Non so-
no stati osservali osteosarcomi in uomini e donne esposti al
farmaco nell’ambito di studi clinici per un periodo fino a 18
mesi e successivamente seguiti fino a 3 anni (circa 2500 pa-
zienti) (10,23-26). Inoltre, studi epidemiologici pubblicati non
hanno riportato alcun aumento dell’incidenza di osteosarcomi
nei pazienti con iperparatiroidismo primario (27,28). Nel corso
di un’indagine sullo Swedish Cancer Registry, i ricercatori non
hanno riscontrato alcun aumento del rischio di tumori primari
dell’osso in 12.644 womini e donne con storia clinica di ade-
noma paratiroideo (22).

In generale, la terapia con teriparatide & risultata ben tolle-
rala, in particolare nel gruppo di trattamento del dosaggio di
20 pg. Sebbene si sia verificata la comparsa di ipercalcemia
nelle 4-6 ore successive I'iniezione in un piccolo numero di
soggelti, tale aumento & stato transitorio, solitamente lieve, e
di limitata rilevanza clinica. Nel gruppo di trattamento con do-
saggio di 20 pg, l'aumento dei livelli sierici di calcio ha portato
ad una riduzione della supplementazione del minerale in soli 4
pazienti (3%) e al'abbandono dello studio in 3 pazienti (2%).
In nessuno dei pazienti trattati con la dose di 20 pg & stata ne-
cessaria una riduzione della dose di teriparatide. Altri eventi
avversi si sono verificati con una frequenza simile nei gruppi
placebo e 20 pg. La dose di teriparatide di 40 pg ha determinato
variazioni della BMD maggiori rispetto a quella di 20 pg, ma
al costo di una maggiore incidenza di evenli avversi. Nei gruppi
di trattamento la nausea e la cefalea sono state pid frequenti, e
per tale ragione in questi gruppi & stata osservata la maggior
parte delle interruzioni del trattamento a causa di eventi avver-
si. Anche I'ipercalcemia & stata pid frequentemente riscontrata
nei pazienti trattati con la dose di 40 pg e ha portato a riduzioni
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Teriparatide or Alendronate
in Glucocorticoid-Induced Osteoporosis

Kenneth G. Saag, M.D., Elizabeth Shane, M.D., Steven Boonen, M.D., Ph.D,,
Fernando Marin, M.D., David W. Donley, Ph.D., Kathleen A. Taylor, Ph.D.,
Gail P. Dalsky, Ph.D., and Robert Marcus, M.D.

ABSTRACT

BACKGROUND

Bisphosphonate therapy is the current standard of care for the prevention and treatment
of glucocorticoid-induced osteoporosis. Studies of anabolic therapy in patients who
are receiving long-term glucocorticoids and are at high risk for fracture are lacking.

METHODS

In an 18-month randomized, double-blind, controlled trial, we compared teriparatide
with alendronate in 428 women and men with osteoporosis (ages, 22 to 89 years) who
had received glucocorticoids for at least 3 months (prednisone equivalent, 5 mg daily
or more). A total of 214 patients received 20 ug of teriparatide once daily, and 214
received 10 mg of alendronate once daily. The primary outcome was the change in bone
mineral density at the lumbar spine. Secondary outcomes included changes in bone
mineral density at the total hip and in markers of bone turnover, the time to changes
in bone mineral density, the incidence of fractures, and safety.

RESULTS

At the last measurement, the mean (+SE) bone mineral density at the lumbar spine had
increased more in the teriparatide group than in the alendronate group (7.2+0.7%
vs. 3.4+0.7%, P<0.001). A significant difference between the groups was reached by
6 months (P<0.001). At 12 months, bone mineral density at the total hip had increased
more in the teriparatide group. Fewer new vertebral fractures occurred in the teri-
paratide group than in the alendronate group (0.6% vs. 6.1%, P=0.004); the incidence
of nonvertebral fractures was similar in the two groups (5.6% vs. 3.7%, P=0.36). Sig-
nificantly more patients in the teriparatide group had at least one elevated measure
of serum calcium.

CONCLUSIONS

Among patients with osteoporosis who were at high risk for fracture, bone mineral
density increased more in patients receiving teriparatide than in those receiving alen-
dronate. (ClinicalTrials.gov number, NCT00051558.)
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TERIPARATIDE THERAPY FOR GLUCOCORTICOID-INDUCED OSTEOPOROSIS

7% UBSTANTIAL PROGRESS HAS OCCURRED
. in the understanding of the pathogenesis and
prevention of glucocorticoid-induced osteo-
porosis, the most common cause of secondary
osteoporosis.> However, providing effective treat-
ment remains a challenge.® International guide-
lines currently recommend bisphosphonates for
patients who either already have or are at risk for
glucocorticoid-induced osteoporosis.”?

Once-daily recombinant human parathyroid
hormone (1-34) (teriparatide) stimulates bone for-
mation, increases bone mass, and reduces the risk
of vertebral and nonvertebral fractures. X Teripar-
atide may be a rational treatment for glucocorti-
coid-induced osteoporosis because it directly stim-
ulates osteoblastogenesis and inhibits osteoblast
apoptosis, thereby counteracting two key mecha-
nisms through which glucocorticoid therapy pro-
motes bone loss.2%21 Patients with large deficits
in bone mineral density are at high risk for frac-
ture and might preferentially benefit from such
anabolic therapy.?* In a study of postmenopausal
women with glucocorticoid-induced osteoporosis,
treatment with synthetic teriparatide and estrogen
significantly increased bone mineral density at the
lumbar spine, as compared with estrogen alone.??
However, no randomized, controlled trials involv-
ing patients with glucocorticoid-induced osteopo-
rosis have compared teriparatide with a bisphos-
phonate. We report the results of the first 18
months of a 36-month prospective trial designed
to directly compare the effects of recombinant
teriparatide with those of alendronate for the treat-
ment of patients with osteoporosis who have had
long-term exposure to glucocorticoids and are at
high risk for fracture.

METHODS

STUDY DESIGN AND PATIENTS .

In this randomized, double-blind clinical trial, the
primary outcome was the change from baseline to
18 months in bone mineral density at the lumbar
spine associated with the administration of daily
teriparatide (at a dose of 20 ug), as compared
with that of daily alendronate (at a dose of 10 mg),
in patients with established glucocorticoid-induced
osteoporosis. Prespecified secondary outcomes
included changes in bone mineral density at the
total hip and markers of bone turnover, the time
to changes in bone mineral density at the lumbar
spine and total hip, the incidence of vertebral

and nonvertebral fractures, and adverse events.
We report on the results of the first 18 months of
the study (primary phase); the 18-month extension
phase is in progress.

The protocol committee included academic in-
vestigators and physicians employed by Lilly Re-
search Laboratories. Study data were collected by
investigators and transmitted to the sponsor,
which performed the analyses. All authors partici-
pated in the interpretation of the data and the
decision to publish the findings, had unrestricted
access to the data, were not limited by the spon-
sor with regard to statements made, and vouch
for the veracity and completeness of the data. The
first draft of the manuscript was written jointly
by Drs. Saag and Marcus.

Ambulatory patients were eligible for enroll-
ment if they met the following criteria: an age of
21 years or more, a history of sustained glucocor-
ticoid therapy, and a T score (the number of stan-
dard deviations above or below the mean value in
normal adults) for bone mineral density at the
lumnbar spine or total hip of either —2.0 or less or
—1.0 or less in addition to at least one fragility
fracture during treatment with glucocorticoids.
Sustained glucocorticoid therapy was defined as a
mean daily dose of 5 mg or more of prednisone
or its equivalent for 3 or more consecutive months
immediately preceding the screening visit. Such
exposure constitutes a reasonable threshold for
long-term use on the basis of international guide-
lines. 211141627 A fragility fracture was defined as
a fracture associated with trauma equivalent to a
fall from standing height or less. Men and women
were enrolled in North America and South Amer-
ica, but only women were enrolled in Europe.

Patients were excluded if they had fewer than
three lumbar vertebrae that could be evaluated on
dual energy x-ray absorptiometry, abnormal labo-
ratory values, unresolved skeletal diseases other
than glucocorticoid-induced osteoporosis, a histo-
ry of cancer within 5 years before screening (with
the exception of superficial basal-cell or squa-
mous-cell carcinomas of the skin that had been
definitively treated), an increased risk of osteosar-
coma, gastrointestinal disorders that would be
likely to reduce tolerance of oral alendronate, or
substantial renal impairment (on the basis of the
Cockeroft—Gault formula). Patients were required
to have normal thyroid function or to be taking a
stable dose of thyroid hormone, with normal levels
of thyrotropin. Patients were excluded if they had
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received a bisphosphonate for more than 2 weeks
within 6 months before enrollment or for more
than 2 years within the previous 3 years and for
nontrivial exposure to other osteoporosis thera-
pies. The institutional review board at each study
site approved the study protocol, and all patients
provided written informed consent,

Patients were randomly assigned to receive ei-
ther injectable teriparatide (Forteo, Eli Lilly) at a
daily dose of 20 ug plus an oral placebo or oral
alendronate (Fosamax, Merck) at a daily dose of
10 mg plus an injectable placebo. Teriparatide or
its placebo was administered by subcutaneous in-
jection by means of a prefilled pen. Alendronate
tablets and placebo tablets were overencapsulated
to look similar, Patients received the first dose of
a study drug at the clinical site. They also received
supplementation with calcium carbonate (at a dose
of 1000 mg of elemental calcium) and vitamin D
{at a dose of 800 IU) to be taken daily throughout
the trial. Follow-up evaluations were scheduled at
1, 3, 6, 12, and 18 months. Compliance with the
study-drug regimen was assessed by interviewing
the patients at each visit and by quantifying the
oral and injectable medications that were returned
to investigators. The first patient was assigned to
receive therapy in December 2002, and the last
patient completed the 18-month study period in
July 2006.

BONE MINERAL DENSITY

Areal bone mineral density (in grams per square
centimeter) of the lumbar spine and total hip was
assessed by dual energy x-ray absorptiometry with
the use of either Hologic (Hologic) or GE-Lunar
(GE Medical Systems) densitometers. Quality as-
surance, cross-calibration adjustment, and data
processing were done centrally by Bio-Imaging
Technologies. Scan results were withheld from lo-
cal investigators unless a patient reached a pre-
specified safety value of a loss of more than 8%
of bone. Lumbar vertebrae that were fractured dur-
ing the trial were excluded from the calculation
of bone mineral density.

FRACTURE

Radiographs of the thoracolumbar spine were ob-
tained at entry, at 18 months or at early discontinu-
ation, and at unscheduled times if there were new
or worsening symptoms suggestive of clinical ver-
tebral fracture. Radiographs were assessed in a
blinded fashion by an independent reader at Bio-
Imaging Technologies for new vertebral fractures.

Worsening of a preexisting deformity was not con-
sidered a new fracture. Vertebrae were graded in-
dividually for compression deformity with the use
of semiquantitative criteria.?32* Central adjudica-
tion of incident nonvertebral fractures was per-
formed through direct examination of radiographs
or evaluation of a radiologist’s report.

MARKERS OF BONE REMODELING

Markers of bone formation (intact N-terminal pro-
peptide of type I collagen, bone-specific alkaline
phosphatase, and C-terminal propeptide of type I
collagen) and bone resorption (C-telopeptide of
type I collagen) were measured in serum obtained
after an overnight fast in a subgroup of 199 pa-
tients at 1, 6, and 18 months. Frozen serum sam-
ples were shipped to a central laboratory for
analysis (Covance Central Laboratory) and run in
batches.

ADVERSE EVENTS

Data on adverse events occurring or worsening af-
ter administration of the first dose of a study drug
were collected throughout the study. Adverse events
were coded with the use of the Medical Dictionary
for Regulatory Activities, version 9.1. In addition to ad-
verse event reports of hypercalcemia and hyper-
uricemia, we examined total serum calcium con-
centrations of more than 10.5 mg per deciliter
(2.62 mmol per liter) in a sample obtained more
than 16 hours after the administration of a study
drug; sustained elevated total serum calcium was
defined as at least two elevated values at separate
study visits. Elevated serum urate was defined as
a concentration of more than 9.0 mg per deciliter
(535 wmol per liter).

STATISTICAL ANALYSIS

The study had a power 0f 90% to detect a between-
treatment difference of 0.015 g per square centi-
meter (approximately 2%j in the absolute change
in bone mineral density at the lumbar spine from
baseline to the last measurement during the first
18 months of therapy, assuming a standard devia-
tion of 0.04 and with the use of a two-sided t-test
with an alpha level of 0.05.

Block randomization that was stratified accord-
ing to sex, investigative site, and previous use of
bisphosphonates was used to assign patients to the
two study groups in a ratio of approximately 1:1.
Analyses were conducted on data from patients
who underwent randomization and who received
at least one dose of the assigned study drug be-
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712 Patients were sareened

283 Were not eligible
219 Did not meet entry criteria

62 Had other reason
1 Had adverse event
1 Declined participation

429 Underwent randomization

1 Withdrew before receiving

study drug

428 Received study drug

214 Received teriparatide
(20 pg/day)

64 Discontinued
25 Had adverse event
16 Decided to withdraw
7 Died
3 Were lost to follow-up
3 Had protocol violation
1 Did not meet entry
criteria
3 Were withdrawn by
sponsor
1 Had other reason
2 Had significant lab-
oratory finding
3 Were withdrawn by
physician

150 Completed treatment
with teriparatide

214 Received alendronate
(10 mg/day)

70 Discontinued
13 Had adverse event
30 Decided to withdraw
12 Died
8 Were fost to follow-up
3 Had protocol violation
2 Did not meet entry
criteria
1 Was withdrawn by
sponsor
1 Had other reason

144 Completed treatment
with alendronate

Figure 1. Enroliment and Outcomes.

The four patients who were withdrawn by the sponsor either received less than 50% of a study drug in two consecu-
tive visits or had a decrease of more than 8% in bone mineral density at the lumbar spine or total hip.

tween baseline and completion of the study at 18
months or early discontinuation. For the primary
outcome, the change from baseline to the last
measurement of bone mineral density at the lum-
bar spine was examined. Models for continuous
variables included fixed effects for the stratifica-
tion terms and treatment. Analysis of variance was
used for continuous variables except for markers
of bone turnover, which required nonparametric
methods. Categorical variables were compared

between study groups with the use of a Cochran—
Mantel-Haenszel test stratified according to geo-
graphic region or Fisher's exact test.

The effects of treatment on the absolute change
in bone mineral density from baseline to 3, 6, 12,
and 18 months were assessed with mixed-model
repeated measures. Covariates included in the
models were the treatment assignment, stratifica-
tion variables, bone mineral density at the lumbar
spine at baseline, time of the visit, and interaction
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Table 1. Baseline Characteristics of the Patients.*
Alendronate Teriparatide
Variable (N=214) (N=214)
Age —yr ’ 57.3+14.0 56.1+13.4
White race — no. (%) 148 (69.2) 153 (71.5)
Female sex — no. (%) 173 (80.8) 172 (80.4)
Postmenopausal women 143 (82.7) 134 (77.9)
Previous drug therapy — no. (%)
Bisphosphonate 20(9.3) 20 (9.3)
Glucocorticoid
Prednisone equivalent daily dose — mg
Median 7.8 7.5
Interquartile range 5.0-10.0 5.0-10.0
Duration of therapy — yr{ .
Median 1.2 15
Interquartile range 03-57 03-52
Previous fracture — no. (%)
Radiographically confirmed vertebral§ 53 (25.4) 62 (30.0)
Any nonvertebral 89 (41.6) 93 {43.5)
Nonvertebral fragility 43 (20.1) 42 (19.6)
Bone mineral density
Lumbar spine
Measurement — g/cm? 0.85+0.13 0.85+0.13
T score -2.6+0.89 -2.5:0.88
Total hip
Measurement — g/cm? 0.76x0.12 0.74+0.11
T score -1.9+0.91 -2.0+0.38
Markers of bone remodeling
No. of patients evaluated 100 99
N-terminal propeptide of type | collagen — pg/liter
Median 38.8 40.2
Interquartile range 28.6-50.8 28.8-56.8
C-terminal propeptide of type | collagen — pg/liter
Median 1395 1475
Interquartile range 110.5-176.5 122.0-183.0
Bone-specific alkaline phosphatase — ug/liter
Median v 8.8 9.0
Interquartile range 6.8-11.7 6.1-11.4
C-telopeptide of type | collagen — pmol/liter
Median 3331 3265
interquartile range 2388-5366 2070-4723
2032 N ENGL j MED 357;20 WWW.NEjJM.ORG NOVEMBER 15, 2007
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Table 1. {Continued.)

Variable
Underlying glucocorticoid-requiring disorders — no. (%}
Rheumatologic disorders
Rheumatoid arthritis
Systemic lupus erythematosus
Polymyalgia rheumnatica
Vasculitis
Other rheumatic disorders
Respiratory disorders
Inflammatory bowel disease

Other conditions

Alendronate Teriparatide
(N=214) (N=214)
161 (75.2) 161 (75.2)
111 (51.9) 98 (45.8)

21 (9.8) 28 (13.1)
8(3.7) 10 (4.7)
3 (1.4) 5(23)

18 (8.4) 20 (9.3)

31 (14.5) 29 (13.6)
4(1.9) 3 (14)

18 (3.4) 21 (9.8)

* Plus—-minus values are means +SD. There were no significant differences between the two study groups. The T score is
the number of standard deviations below the mean value for bone mineral density in young adults.

T Race was determined by the investigators.

{ The duration of glucocorticoid therapy was derived on the basis of the time that the patient received the current dose at
screening and may thus underestimate the cumulative duration.
§ Vaiues could be determined only for 209 patients in the alendronate group and 207 patients in the teriparatide group

who underwent radiography at baseline.

between the visit and treatment. These models
were used to analyze percent changes. A pre-
defined gatekeeping strategy controlled the over-
all type 1 error at an alpha level of 0.05 for testing
of the primary objective and, subsequently, for
determining the earliest time at which the increase
in bone mineral density at the lumbar spine dif-
fered significantly between the study groups.?s
Testing of the remaining secondary outcomes was
not adjusted for multiple comparisons, and no in-
terim analyses were conducted. All tests were two-
sided, and analyses were performed with the use
of SAS statistical software, version 8 (SAS Insti-
tute).

RESULTS

PATIENTS

A total of 712 patients (564 women and 148 men)
were screened in 12 countries. Of these patients,
429 underwent randomization and 428 began treat-
ment {345 women and 83 men) (Fig. 1). A total of
134 patients discontinued the study prematurely,
70 in the alendronate group (32.7%) and 64 in the
teriparatide group (29.9%) (P=0.54). Of these pa-
tients, 30 in the alendronate group (14.0%) and
16 in the teriparatide group (7.5%) discontinued
participation in the study at their own request
{P=0.03); 13 patients in the alendronate group

{6.1%) and 25 in the teriparatide group (11.7%) dis-
continued because of an adverse event (P=0.04).
There were no significant differences between the
alendronate group and the teriparatide group with
respect to the rate of adherence to treatment (93.2%
and 94.3%, respectively, for oral administration
and 97.6% and 98.7%, respectively, for injection).

There were no significant differences between
study groups in baseline characteristics (Table 1).
In both study groups combined, 115 patients
(26.9%) had radiologic evidence of previous ver-
tebral fractures and 182 patients (42.5%) had ra-
diologic evidence of previous nonvertebral frac-
tures.

BONE MINERAL DENSITY

Similar patterns of response to the treatients were
observed in analyses of absolute and relative chang-
es in bone mineral density; only relative changes
are presented here, (For absolute changes, see Table
1 of the Supplementary Appendix, available with
the full text of this article at www.nejm.org.)

Lumbar Spine

Patients in the teriparatide group had an increase
in the baseline value for bone mineral density at the
lumbar spine that was significantly greater than
the increase in the alendronate group (Fig. 2A).
At the last measurement, patients in the teripara-
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Change in Bone Mineral Density (%)
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Figure 2. Percent Change in Mean Bone Mineral Density at the Lumbar
Spine and Total Hip from Baseline to 18 Months or the Last Measurement.
The asterisk denotes P<0.05, the single dagger P<0.0L, and the double dag-
ger P<0.001 for between-group comparisons. Within-group changes from
baseline at the lumbar spine (Panel A) and total hip (Panel B} were signifi-
cant at all time points (P<0.001). The I bars represent standard errors.
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tide group had an increase in mean (+SE) bone
mineral density at the lumbar spine from baseline
that was significantly greater than that of patients
in the alendronate group (7.2+0.7% vs. 3.4£0.7%,
P<0.001).

Total Hip

Changes from baseline in bone mineral density at
the total hip differed significantly between the
study groups by 12 months (P=0.01), when the
first post-baseline measurement was performed
(Fig. 2B). At 18 months, the change from base-

line was 3.840.6% in the teriparatide group and
2.4+0.6% in the alendronate group, with a between-
group difference of 1.4 percentage points (95%
confidence interval [CI}, 0.4 to 2.4; P=0.005).

MARKERS OF BONE TURNOVER

In the teriparatide group, N-terminal propeptide
of type I cotlagen, a marker of bone formation,
and C-telopeptide of type I collagen, a marker of
résorption, were increased at 1 month and peaked
at 6 months (an increase of 69.8% and 44.8% from
baseline, respectively). In the alendronate group,
these markers decreased at 1 month and remained
suppressed at 18 months (Fig. 3). Levels of C-ter-
minal propeptide of type I collagen and bone-spe-
cific alkaline phosphatase significantly increased
in the teriparatide group and decreased in the alen-
dronate group (data not shown).

FRACTURES

Eleven patients in the two study groups combined
had radiographic evidence of a new vertebral
fracture (Table 2). The 10 fractures in the alendro-
nate group involved a mild deformity in four pa-
tients, a moderate deformity in two patients, and
a severe deformity in four patients; the single
fracture in the teriparatide group involved a mod-
erate deformity. On the basis of semiquantitative
grading, there was no progression of preexisting
vertebral fractures, The number of patients with
new nonvertebral fractures did not differ signifi-
cantly between groups (Table 2).

ADVERSE EVENTS
Safety profiles in the two study groups were sim-
ilar, with no significant differences in the overall
incidence of adverse events, the incidence of seri-
ous adverse events, or the incidence of events either
leading to withdrawal from the study or consid-
ered to be possibly related to a study drug (Table
2). Nineteen subjects died during the study (12 in
the alendronate group and 7 in the teriparatide
group); 1 patient in the teriparatide group died the
day after being withdrawn from the study because
of an adverse event. Causes of death included cor-
onary heart disease, congestive heart failure, and
systemic infection. Investigators attributed more
adverse events to injections in the teriparatide
group, including injection-site reactions, headache,
and dizziness.

There were some significant differences in spe-
cific adverse events between the groups. More pa-
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tients in the teriparatide group reported having
nausea, insomnia, pharyngitis, and viral infection;
more patients in the alendronate group reported
having rash, a decrease in weight, sciatica, and
asthma. In the teriparatide group, hyperuricemia
was reported as an adverse event for three pa-
tients, and gout was reported as an adverse event
for one patient; no adverse events of hyperuricemia
or gout were reported in the alendronate group.
More patients in the teriparatide group had a
serum urate value of more than 9.0 mg per deci-
liter (Table 2).

Within-group changes in the serum calcium
concentration, as measured before the administra-
tion of a study drug, were significant at 1 and
6 months in the alendronate group, with reduc-
tions of 0.2 mg per deciliter (0.06 mmol per liter)
at 1 month (P<0.001) and of 0.1 mg per deciliter
(0.03 mmol per liter) at 6 months (P=0.01); at 18
months, an increase of 0.1 mg per deciliter (0.03
mmol per liter) was significant in the teriparatide
group (P=0.03). In the teriparatide group, hyper-
calcemia was reported as an adverse event for one
patient, and no adverse events of hypercalcemia
were reported in the alendronate group. A signifi-
cantly higher proportion of patients in the teri-
paratide group had at least one serum calcium
value of more than 10.5 mg per deciliter (2.62
mmol per liter) before drug administration, but
the difference in proportions between the study
groups was not significant for sustained eleva-
tions (Table 2). There was no significant differ-
ence between the study groups in the proportion
of patients with a calcium level of more than
11.0 mg per deciliter (2.76 mmol per liter). No
patient in either group had a sustained calcium
level of 11.0 mg per deciliter or more (data not
shown).

DISCUSSION

In this active-comparator trial, the anabolic agent
teriparatide appeared to show significant skeleral
benefits in patients with glucocorticoid-induced
osteoporosis, as compared with the bisphospho-
nate alendronate. At 18 months, teriparatide treat-
ment was significantly less likely to be associated
with radiographic evidence of new vertebral frac-
tures.

Bisphosphonates are the current standard of care
for ghlucocorticoid-induced osteoporosis.it17:26:27
In a recent trial comparing a bisphosphonate with
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Figure 3. Percent Change in Markers of Bone Formation and Resorption.
Shown are median changes in levels of serum N-terminal propeptide of
type | collagen, a marker of bone formation (Panel A), and C-telopeptide of
type | collagen, a marker of bone resorption (Panel B). P<0.001 for all com-
parisons between study groups at 1, 6, and 18 months. Within-group
changes from baseline for N-terminal propeptide of type | collagen were
significant (P<0.001) at each time point in both the alendronate and teri-
paratide groups. Within-group changes from baseline for C-telopeptide of
type | collagen were significant (P<0.001) for alendronate at each time
point; for teriparatide, changes were significant at months 1 and 6 (P<0.001).
The I bars represent interquartile ranges.

teriparatide in postmenopausal women with os-
teoporosis, teriparatide therapy was associated
with increased areal and volumetric bone mineral
density and estimates of bone strength at the
lumbar spine, as compared with alendronate.28:*
Although the time course of changes in mark
ers of bone turnover in our trial resembled that
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Table 2. Summary of New Fractures and Clinically Relevant Adverse Events.

Variable
Fractures
Vertebral — no./total no. (%)*
Radiographic evidence
Clinical evidence}
Nonvertebral — no. (%)%
Any
Nonvertebral fragility
Adverse events§
Adverse event — no. (%)
Any
Possibly related to treatment¥]
Serious adverse event — no. (%)
Any
Possibly related to treatment{
Event related to injection — no. (%)
Gastrointestinal event — no. {%)
Nausea
Upper abdominal pain
Dyspepsia
Abdominal pain
Gastritis
Gastroesophageal reflux disease
Dysphagia
Musculoskeletal event — no. (%)
Back pain
Arthralgia
Muscle spasm
Pain in a limb
Musculoskeletal pain

Myalgia

Alendronate Teriparatide

(N=214) (N=214) P Value
10/165 (6.1) 1/171 (0.6) 0.004

3/165 (1.8) 0 0.07

8(3.7) 12 (5.6) 036

3(L4) 5 (2.3) 0.46

170 (79.4) 182 (85.0) 011

28 (13.1) 38 (17.8) 019

35 (18.2) 45 (21.0) 0.44

2 (0.9) 3(1.4) 0.66

14 (6.5) 24 (11.2) 0.09

70 (32.7) 84 (39.3) 015

15 (7.0) 30 (14.0) 002

13 (6.1) 11 (5.1) 0.67

15 (7.0) 7(33) 0.07

9 (42) 9(4.2) 0.96

6 (2.8) 14 (6.5) 0.06

6(2.8) 5 (2.3) 0.81

3 (14) 5 (2.3) 0.44

77 (36.0) 75 (35.0) 0.89

22 (10.3) 18 (8.4) 0.53

16 (7.5) 17 (7.9) 0.81

7(3.3) 8(3.7) 077

7(3.3) $(3.7) 0.75

3 (14) 6 (2.8) 0.29

5 (2.3) 3 (1.4) 0.49

observed in postmenopausal women, the magni-
tude of gains in bone mineral density in the

" teriparatide group was less than that seen previ-

ously.2%2® This differential response may reflect
the characteristic ability of glucocorticoids to in-
hibit osteoblast and osteocyte function pro-
foundly by several mechanisms, including the
stimulation of apoptosis.3°

In our study, patients in the teriparatide group
had fewer new vertebral fractures than did patients
in the alendronate group, although the overall
number of fractures was small. Bisphosphonates

have been associated with a reduced incidence of
vertebral fractures in this patient population in
randomized trials of alendronate,?-32 in pooled
studies of risedronate,® and in a nonrandomized,
open-label study of ibandronate,3¢ Although there
were more nonvertebral fractures in the teripara-
tide group than in the alendronate group in our
study, the difference was not significant. In pre-
vious studies of teriparatide, there was a reduction
in nonvertebral fractures in postmenopausal wom-
en with osteoporosis.1®33

The strengths of our study included the ran-
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Table 2. {Continued.)

Variable
Nervous system event — no. (%)
Dizziness
Headache
Other — no. (%6)
Rash
insomnia
Hypercalcemia — no.ftotal no. (%) |
At least one serum calcium level >10.5 mg/d|
Two or more serum calcium levels >10.5 mg/d|
At least one serum calcium level 211.0 mg/dl

At least one serum urate level >9.0 mg/dl —
no./total no. (%)}

Alendronate Teriparatide

(N=214) [N=214) P Value

38 (17.8) 44 (20.6) 0.43

12 (5.6) 15 (7.0) 053

12 (5.6) 16 (7.5) 0.47

10 (4.7) 3 (14) 0.05

2{0.9) 11 (5.0 0.01
12/209 (5.7) 38211 (18.0) <0.001

4/196 (2.0) 10195 (5.1) 0.10

2/209 (1.0) 8/211 (3.8) 0.06

10/208 (4.8) 17/212 (8.0) 0.18

* Vertebral fractures were defined as deformities in vertebrae that had been seen as normal (grade 0) on baseline radio-
graphs. These deformities included a reduction in anterior, middle, or posterior vertebral height on post-baseline radio-
graphs. Fractures were defined as mild (grade 1, a 20 to 25% reduction), moderate (grade 2, a >25 to 40% reduction),
or severe (grade 3, a >40% reduction). Baseline spinal radiographs could not be evaluated for 5 patients in the alendro-
nate group and 7 in the teriparatide group; post-baseline spinal radiographs could not be evaluated for 44 patients in
the alendronate group and 36 patients in the teriparatide group.

1 Clinical vertebral fractures were recorded when a patient reported having suggestive symptoms; radiographic evidence
of a new fracture was validated at the central reading facility. Clinical vertebral fractures are a subgroup of vertebral

fractures as seen on radiography.

+ Nonvertebral fractures were recorded separately from adverse events, unless the fracture met one of the criteria for a
serious adverse event. One patient in the alendronate group (whose data are not listed in the table) reported a hip frac-

ture only as an adverse event.

§ Comparisons between the two groups were calculated with the use of a region-stratified Cochran-Mantel-Haenszel test.

€ The local investigator determined whether the event was related to therapy.

| Values refer to patients’ laboratory data and not to reports of clinical adverse events. To convert the values for calcium
to millimoles per liter, multiply by 0.250. To convert the values for urate to micromoles per liter, multiply by 59.48.

domized study design, large sample, and repre-
sentation of various undetlying disorders requir-
ing long-term glucocorticoid therapy.>¢*” However,
there were certain limitations. The severity of un-
derlying illnesses contributed to a high discontinu-
ation rate (31.3%), with a resultant rate of radio-
graphic assessment of approximately 80%. The
alendronate group used an overencapsulated study
drug; nevertheless, the response in bone mineral
density was similar to that in previous studies of
alendronate 28:35:38.3° These results suggest that the
alendronate used in our study had the expected
pharmacodynamics. Although weekly administra-
tion of bisphosphonates is now the most com-
monly used regimen, the fracture rates associated
with bisphosphonate therapy were obtained with
daily therapy in the previously cited studies. Thus,
the daily alendronate used in our study was rep-
resentative of previous fracture studies. Although
our fracture finding was a unique outcome for a

randomized study involving patients with gluco-
corticoid-induced osteoporosis, the study was not
statistically powered to assess a reduction in the
risk of vertebral fracture and was further limited
because paired radiographs (baseline and post-
baseline) for the assessment of new vertebral frac-
tures were missing for 92 patients. Finally, we
would not have detected transient hypercalcemia
after the administration of a study drug, as de-
scribed in the Fracture Prevention Trial.1®

The standard of care for patients at risk for
ghucocorticoid-associated bone loss and osteopo-
rosis includes a choice of antiresorptive agents.
However, for patients with established osteoporo-
sis who are at high risk for fracture, more ag-
gressive and expensive therapy may be warrant-
ed. Patients in our trial had lower bone mineral
density and more prevalent fractures than those
in previous trials involving patients with gluco-
corticoid-induced osteoporosis, which suggests
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an even greater need for an efficacious interven-
tion.7—10,26,31,33

In our study, teriparatide was associated with
greater increases in bone mineral density at the
spine and hip and with significantly fewer new
vertebral fractures, with no significant differences
between groups in the incidence of nonvertebral
fractures or serious adverse events. The occurrence
of sporadic hypercalceria was more frequent in
the teriparatide group than in the alendronate
group. On the basis of the known pathophysiol-
ogy of glucocorticoid-induced osteoporosis, teri-
paratide might be considered as a therapeutic
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Pharmacologic Treatment of Low Bone Density or Osteoporosis to
Prevent Fractures: A Clinical Practice Guideline from the American

College of Physicians
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3. The American College of Physidans (ACP) developed
thls gurdelme to present the available evidence on various pharma-
cologic treatments to prevent fractures in men and women with
low bone density or osteaporosis.

; 's: Published literature on this topic was identified by using
MEDLINE {1966 to December 2006), the ACP Journal Club data-
base, the Cochrane Central Register of Controlled Trials (no date
limits), the Cochrane Database of Systematic Reviews (no date
limits), Web sites of the United Kingdom National Institute of
Health and Clinical Excellence (no date limits), and the United
Kingdom Health Technology Assessment Program (January 1998 to
December 2006). Searches were limited to English-language pubfi-
cations and human studies. Keywards for search included terms for
osteoparosis, osteopenia, low bone density, and the drugs fisted in
the key questions. This guideline grades the evidence and recom-
mendations according to the ACP's dlinical practice guidelines grad-
ing system.

; - ACF recommends that clinicians offer phar-
maco/ogm treatment to men and women who have known osteo-
porasis and to those who have experienced fragility fractures
(Grade: strong recommendation; high-quality evidence).

. I ACP recommends that cdlinicians consider
pharmacologic treatment for men and women who are at risk for
developing osteoporosis (Grade: weak recommendation; moderate-
quality evidence).

; ACP recommends that clinicians choose
among pharrnacolog/c treatment options for osteoporosis in men
and women on the basis of an assessment of risk and benefits in
individual patients (Grade: strong recommendation; moderate-
quality evidence).

a4 ACP recommends further research to evalu-
ate treatment of osteoporosfs in men and women.

Ann intern Med. 2008,149:404-415.
For author affiliations, see end of text.
See related article in 5-February 2008 issue (volume 148, pages 197-213).
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he National Institutes of Health’s consensus conference
% (1) defined osteoporosis as “a skeletal disorder charac-
terized by compromised bone strength predisposing to an
increased risk for fracture. Bone strength reflects the nte-
gratigh of two _matn features: bone density and bone quality.
- Bone_guality refers to—erciireetuge. NIranver,_damage
au:umulauon {c.g.. microfracturcs), and mineralizatian,”
A]rhnugh Gsteoporosis can affect any bone, the hip, spine,
and wrist are maost likely 1o be affeucd Osteoporosts af-

fects an estimated 44 rmlhon Americans or 55% of people
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50 years of age or older. Another 34 million Americans are
estimated to Rave Jow bonc mass, meaning that they arc at
an increased tisk for osteoporosis.

Osteoporosis can be diagnosed by the ocaurrence of fra-
gility fracruee. [n patients withoue fragility fracture, ostcopo-
rosis is often diagnosed by low bone density. Dual x-ray ab-
sorpiiometry {DXA) is the current gold standard  test for
diagnosing osteoporosis in people withowt an osteoporotic
fracture. Dual x-ray absorptiomerry_results are scored as stan-
dard dcvmwm} norm (usually
femalc) and reported as T-s T CRampie, a 1-score of
-2 mdnc&rcs 2 bone mineral iensnry thar is 2 SDs below the
C(I—HLPWJ he international reference standard for
the description of estcoporosis in postmenopausal women and
in men age 50 years or older is a fomotal neck bone mineral
density of 2.5 SD or more below the voung female adule
mean (2). Low bone density, as measured by DXA, is an
impetfect predictor of fracture risk, identifying fewer than half
the people who go on to have an osteoporotic fracture.
Screening guidelines for women are well established (3), and
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sy Jr,

MD, MPIL MBA; Paul Dallas, MDs: Thomas D. Denberg, MD, PhDx: Mary Ann Farcica, MD; Lakshimi Ilalasvamani, MD; Robert 11, Hopkins Jr., MD; William Rodriguez-Cintron,

Y and Panl Shekelle, MT3, PhD. Approved by she ACP Board of Regents on 12 hay 2008,

404 | € 2008 American College of Physiciins



Trearment of Low Bone Density or Osteoporosis to Prevent Fractures

the American College of Physicians (ACP) recenty published
guidelines on screening for men (4).

This guideline presents the available evidence on vari-
ous pharmacelogic treatments to prevent fractures in men
and women with low bone density or osteoporosis. Medi-
cations used to treat osteoporosis may affect different parts
of the skeletal system differently, and efficacy for vertebral
fractures does not necessarily imply efficacy for nonverte-
btal fractures. The targer audicnce for chis guideline is all
clinicians and the target padent populaton is all adult men
and women with low bone density or osteaporosis. These
recommendations are based on the systematic evidence re-
view by Maclean and colleagues (5} and the Agency for
Healthcare Research and Quality-sponsored Southern Cal-
tfornia Evidence-Based Practice Cenrer evidence report (G}.

The drugs currently approved for prevention of osteo-
porosis include alendronate, ibandronate, rtisedronate,
zoledronic acid, estrogen, and raloxifenc. The drugs cut-
rently approved for treatment of ostecoporosis include alen-
dronate, ibandronate, risedronarte, calcitonin, reriparartide,
zoledranic acid {in postmenopausal women), and ralox-
ifene. Testosterone, pamidronate, and etidronate are not
approved by the U.S. Food and Drug Administration for
the treatment or prevention of osteoporosis.

The literature scarch done by MacLean and colleagues
fur the systematic review (5) included smudies from MEDLINE
(1966 to December 2006), the ACP Journal Club darabase,
the Cochrane Central Register of Controlled Trials (no
date limits), the Cochrane Database of Systematic Reviews
(no date limits), Web sites of the United Kingdom Na-
tional Instirure of Ilealth and Clinical Excellence {(no dare
limits), and the United Kingdom Ilealth Technology As-
sessment Program (January 1998 o December 2006). The
reviewers limited their scarch to English-language publica-
tions and human srudies. They derived evidence for com-
parative benefits of various treatments exclusively from ran-
domized, controlled trials, whereas they included evidence
from other types of studies for short- and long-term harms,

Two physicians independently abstracted data abour
study populations, interventions, follow-up, and ourcome
ascertainment by using a structured form. For cach group
within a randomized trial, a stadstician extracted the sam-
ple size and number of persons repotring fractures. Two
reviewers, under the supervision of the statistician, indepen-
dently abstracred informarion abour adverse events, The stat-
isticlan or the principal investigator resolved disagreements.

This guideline is based on an evaluation of 76 ran-
domized, conwolled trials, 4 of which were identified in
the updated search, and 24 meta-analyses thar were in-
cluded in the efficacy analyses. The analyses of adverse
evenes included 491 articles, representing 417 randomized
trials, 25 other controlled clinical trials, 11 open-label trials,
31 large observational studies, and 9 case reports of osteo-
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Table 1. The American College of Physicians™ Guideline
Grading System®

Quality of Evidence Strength of Recommendation

Benefits Finely
Balanced with
Risks and Burden

Benefits Clearly
Outweigh Risks
and Burden OR
Risks and Burden

Clearly Outweigh

Benefits
High Strung Weak
Moderate Strong Weak
Low Strong Weak

insufficient evidence l-recommendation
to determine net

benefits or risks

* Adopred from the clasdiication developed by the Grading of Recommendations,
Assessment, Development. and Bvalvarion {GRADE) workgroup.

necrosis among bisphosphonate users. Maclean and col-
leagues” background article (5) includes details abour the
methods used for the systematic evidence review.,

The ACP rates the evidence and recommendations by
using the Grading of Recommendations, Asscssment, De-
velopment, and Evaluation (GRADE) systern with minor
modifications (Table 1). In addition, the evidence review-
ers used predefined criteria to assess the quality of system-
atic reviews and randomized trials, based on internal and
external validity assessments detailed in the Quality of Re-
porting of Meta-Analyses (QUOROM) statement (7).

The objective of this guideline is to synthesize the ev-
idence for the following questions:

1. What arc the comparative benefits in fracture reduc-
tion among and also within the following treatments for
low bone density: bisphosphonates, specifically alendro-
nate, risedronate, etidronate, ibandronate, pamidronate,
and zoledronic acid; calcitonin; estrogen for women; reripa-
ratide; selective estrogen receptor modulators (SERMs), spe-
cifically raloxifene and ramoxifen; restosterone for men; vira-
mins and minerals, specifically viamin D and calcium; and
the combination of calcium plus vitamin D?

2. How docs fracture reduction resulting from trear-
ments vary among individuals with different risks for frac-
ture as determined by bone mineral density (borderline,
low, or severe), previous fractures {prevention vs. treat-
ment), age, sex, glucocorticoid use, and other factors (such
as community-dwelling vs. institucionalized or viramin
D—deficient vs. not)?

3. Whar arc the shott- and long-term harms {adversc
cffects) of dhese therapics. and do these rary by specific
subpopulations?

Evidence from 24 meta-analyses (8-30) and 35 addi-
tional randomized trials published after the mera-analyses
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{31—-65) described the effect of 9 of the 14
dronate, etidronate, risedronate, calcitonin,
reriparatide, raloxifene, caldum, and vitamin 1) on frac-
4 agents (ibandronate, pamidronate,

agents {(alen-
t‘srr(.)gen N

ture incidence. For 4
zoledronic acid, and tamoxifen), the reviewers found no
meta-analyses and instead gathered the evidence from 14
randomized trials (66-79). No studies were found thar
reported fracture rates for testosterone. Three randomized
trials (35, 80, 81) and 1 mcra-analysis {82) cvaluated the
combination of calcium plus vitamin I} on fracturcs.

Bisphosphonates

Good-quality evidence showed tha[aiuxdronatc. cnd 0-
nats_lb_?nﬂw te, and_tsedronate Prevent verrehral fra,

rures. Tn addition, evidence from g(lod—qua]m' srudlcs
demonstrated that both alendronate and risedronate pre-
vent nonvertebral and hip fractures. Two large randomized
trials showed that zoledronic acid prevents vertebral and
nonvertebral fractures in high-risk populations and reduces
the risk for hip fracture (67, 74). Thandronate has not been
shown to reduce nonvertebral fractures (68). Of the 6 faicly
small trials chat looked at vertebral fractures, 1 demon-
strated a qtatiﬁtica”y ‘;igniﬁcant reduction in fracrures with
pamidronate relative to placebo (0.14 [95% CI, 0.03 w
0.72]) (73). However, after these data were pooled, the
poaled risk estimate for fractures for pamidronate relative
to placebo was not significant (0.52 [CI, 0.21 to 1.24]) (6).

Calcitonin

Fair-quality evidence shows thar calcitonin reduces
vertebral fractures (83, 84). Good-quality evidence indi-
cates thar calcitonin does not reduce nonvertebral fracturcs

(13, 16).

Estrogen

Good-quality evidence shows that estrogen reduces the
incidence of vertebral (29, 85), nonvertebral (86), and hip
fracrures (85).

Teriparatide

Good-quality evidence shows thar teriparatide pre-
vents vertebral fractures. The evidence related two teri-
paratide preventing nonvertebral fractures is mixed; 1 large
randomized trial showed a reduction in nonvertebral frac-
tures (34) but 2 small erials did nor (87, 88).

SERMs

Good-quality evidence shows thar raloxifene prevents
vertebral fractures, bur thar ramoxifen has no effect on
verrebral fractures (89-91). In additon, both raloxifene
and ramoxifen had no cffect on hip fractures (91). Tamox-
ifen is not approved by the U.S. Food and Drug Admin-
istration for the treatment or prevention of osteoporosis.

Testosterone
No studies reported fracture rates for restosterone.

Calcium and Vitamin D
In the studies evaluared by MacLean and colleagues
(5), the evidence for the effect of calcium alone on reduc-
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tion of fractures is complex. Most studics of pharmacologic
agents for asteoparosis include calcium and vitamin I as
part of the treatment regimen. Fvidence from 1 mera-
analysis (27) and several randomized trials (35, 48, 51, 92)
showed no significanc difference between calcium and pla-
cebo in preventing vertebral, nonvertebral, and hip frac-
tures in postmenopausal women. Ilowever, nonadherence
to therapy may influence this result, and 1 trial with a
prespecified analysis of adherent padents found a reduction
in fracturc risk (48). A recent meta-analysis (82) concluded
that the relative risk (RR) for fracture with calcium alone
was 0.90 (CI, 0.80 to 1.00), but it did not include a mod-
estly large crial with negative resules (35).

MacLean and colleagues (5) included 5 systematic re-
views that evaluated viramin D. Four meta-analyses (8, 21,
24, 28) found that standard vitamin D (D, Dy, or 25-
hydroxyvitamin [25(OINID) did not have any effect on
risk for vertebral, nonvereebral, or hip fractures; a fifth (35)
showed a statisdeally significant reduction in the pooled
risk for nonvertebral and hip fractures for viemin D, or
D.. [n addition, Maclean and colleagues identified 3
mera-analyses {21, 23, 24) that showed thar vicamin D
analogues [1,23(OH)D and L{OH)D] significantly re-
duced the risk for vertebral, nonvertebral, and hip frac-
tures. A meta-analysis published afrer Maclean and col-
leagues” review concluded that vitamin I and calcium
reduced fractures by 13% (RR, 0.87 [Cl, 0.77 o 0.97])
(82).

In summary, for evaluating the comparative benefits of

drugs versus placebo in fracture reduction, good-quality

A cvidence shows that alendronate, ctidronate, ibandronate,

risedronare, calcitonin, teriparatide, and raloxifene prevent
vertebral fracrures. The reviewers also found good-qualiry
evidence thar alendsonate and rise vent nonver-
tebral and hip fractures, No clear evidence demonstrates
the appropriatc duration of treatment with bisphospho-
nates; however, bisphosphonate wrials ranged from 3
months to 60 months. Good evidence shows that estrogen
reduced the incidence of vertebral, nonverrebral, and hip
fractures. The effect of calcium alone is less certain. Sys-
tematic reviews,of the effecriveness of vitamin D and cal-
cium have reached diffecent conclusions, with the most
recent systematic review {82} finding a modest reduction in

fracture risk.

Evidence from 9 randomized trials comparing differ-
ent bisphosphonates (41, 93-100), 1 study comparing dif-
ferent SERMs (101), and 16 studies with head-to-head
comparisons of agents from different classes (31, 32, 33,
37, 42, 50, 64, 98, 100, 102-108) evaluared intcrmediate
outcomes, such as bone mineral density and changes in
markers of bone turnover. These studies were too short to
derect clinically important differences in fracture incidence.
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The 2 head-to-head trials that compared fracture incidence
outcomes {risedronare vs. endronare [97] and raloxifene vs.
alendronate [107]) were underpowered and showed no staris-
deally significant differences.

In summary, evidence is insufficient to determine
whether one bisphosphonate is superior to another, with
the exception that ibandronare did nor reduce nonvertebral
fracrures in a relatively large trial (68). Little evidence com-
paring deugs from different classes is available.

Low-Risk Populations

We defined “low risk” as a 10-year risk for ostcopo-
rotic fracture {vertebral, nonvertebral, or hip) of up to 2%
and a lifetime risk of up to 21%. The reviewers gathered
evidence from 4 mera-analyses (14, 15, 28, 107). Summary
estimates for alendronate showed a staristically nonsignifi-
cant reduction in the risk for vertebral fracture (RR, 0.45
[CL 0.06 t0 3.15]) and nonvertebral fracture (RR, 0.79
[CL 0.28 to 2.24]) (15). Lstrogen did nor reduce the risk
for vertebral fracture (28} but reduced nonvertebral frac-
tures (28, 109). However, raloxifenc and vitamin I did
reduce the risk for verrebral fractures (raloxifene RR. 0.53
[CL 0.35 t0 0.79]; vitamin DD RR, 0.86 [Cl, 0.72 to 1.02])
(28). Evidence from 2 randomized trials did not show any
difference berween raloxifene and ramoxifen for reducing
fractures {63. 101).

Special Populations
Men
Srudies showed that risedronate decreased the risk for
hip fractures (RR, 0.25 [Cl, 0.08 10 0.78]) (56), calcitonin
~d&teased the risk for vertebral fractures (RR, 0.09 [CL
0.01 w0 0.961) (61), and rerjparatide decreased thevisk for
toral fracrures (RR, 0.16 [CI,0.01 ro 0.9G]) and possibly
the risk for vertebral fractures (odds ratio [QR], 0.44 [CI,
.18 5 1.09]) (44). Evidence is insufficient to cvaluate the

cffect of calcium alone in men (35).

Populations at Increased Risk for Falls

Populations studied included patients with stroke and
hemiplegia, Alzheimer disease, a recent hip fracrure, or Par-
kinson discase. Zoledronic acid reduced the sk for verre-
bral fractures (hazard ratio, 0.54 [CI, 0.32 to 0.92]) and
nonvertebral fractures (hazard rario, 0.73 [CI, 0.55 1o
0.98]) in patients with a recent hip fracture (74). In pa-
tents with Alzheimer disease, risedronate reduced the risk
for nonvertebral fracture (RR, 0.29 [CI, 0.15 w 0.57])
(53) and hip fracrure (RR, 0.29 [CI, 0.13 o 0.66]) (58).
Risedronare also reduced the risk for hip fracture in pa-
tients with stroke (RR, 0.22 [Cl, 0.05 to 0.88]) and hemi-
paresis (RR, 0.25 [Cl, 0.08 to 0.78]) (55, 56). In paricnts
with Parkinson discase, alendronate (RR, 0.30 [CL 0.12 ro
(.78]) reduced the risk for hip fracrture (57). Vitamin D
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also reduced the risk for hip fracture in patienrs wich stroke
and hemiparesis {(RR, 0.12 [CI, 0.02 1o 0.90]).

Populations with Renal Insufficiency

One trial (110) showed that alendronare reduced the
risk for fractures ro a similar degree in patients with and
those without reduced renal function.

Populations with Long-Term Glucocorticoid Use

Evidence from 3 studies included in a systematic re-
view (111) showed a possible reduction in vertebral frac-
ture rare with bisphosphonate trearment (112-114). Six
additional trials have been published since this sysremaric
review. Three of these randomized trials (115-117)
showed that bisphosphonates reduced the fracrure rate. Re-
sules from 2 studies also showed thar risedronate treatment
led to a statisric.a")! significant reduction i the ahsolute
risk (11%) and RR (70%) of incident radiographic verte-
bral fractures after 1 year {117) and in vertebral fractuces
(116). In another trial (115), alendronate was associated
with 2 reduction in the risk for incidenr radiographic ver-
rebral fractures. Tlowever, 3 addirional erials showed no
significant offect on fracture risk for cadronace (32, 53),
from calcium (32), between calcium and a combination of
etidronate and calcium (32), or between calcium and pam-
idronate (103).

To summarize the overall fracture reduction benefics
of drug treatments in special populations in different risk
groups, a SERM (raloxifene) and vitamin D _both reduced
the risk for vertebral Mts Far fewer
men than women have been included in these trials, result-
ing in less cvidence abour the effectiveness of treatment in
men. ln men, risedronate decreased hip fractures and cal-
citanin  decreased vcrrebrami‘:;urcs. Teriparatde de-
creased_total fractures and possiblv vertebral Fractures. In
patients with a previous hip fracture, zoledronic acid re-
duced the risk for vertebral and nonvertebral fracrures.
Risedronate reduced the hip and nonvertebral fracture risk
among patients with Alzheimer disease. Bisphosphonates
(risedronate and alendronate) also reduced the clinical and
radiographic fracture rare in paticnts receiving glucocort-
coids.

Bisphosphonates

The most common adverse effects of bisphosphonares
are gastrointestinal. Trials reported esophageal ulcerations
from all bisphosphonates except zoledronic acid. One trial
of etidronate versus placebo showed a statistically signifi-
cant increase in esophageal ulceration (OR, 1.33 [CI, 1.05
o 1681y (118). Mild upper gastrointestinal events (acid
reflux, csophageal irritation, nausca, vomiting, and heart-
burn} were more common with cridronare in a pooled
analysis {OR, 1.33 [CI, 1.21 o 1.46]) (32, 432, 53, 54, 64,
112, 118-128) and with pamidronate (OR, 3.14 [CI, 1.93
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to 5.211) (75, 79, 129-133). Pooled analysis showed no
difference in occurrence of mild upper gastrointestinal
events berween alendronate, ibandronare, risedranate, or
zoledronic acid and placebo. However, pooled analysis of
head-to-head trials showed a higher risk for mild upper
gastrointestinal events with alendronate than with eudr-
onare (OR, 5.89 [CI, 1.61 10 32.71), calcironin (OR, 3.42
[CI, 1.79 1o 7.00]), ot estrogen {OR, 1.57 [CI, 1.00 1o
2.46]). The pooled cstimate from 3 studies showed thar
ctidronate users were at increased risk for perforations, ul-
cerations, and gastrointestinal bleeding evenrs (OR, 1.32
ICL 1.04 o 1.67]) (59, 118, 134), whereas the pooled
estimate from 2 studies showed that ibandronate had a
lower risk for serious gastrointestinal adverse cvents (OR.
0.33 [CI, 0.14 wo 0.74]) (68, 135). Case reports and case
series have documenred increased osteonecrosis of the jaw
in patients receiving bisphosphonates, bur the most cases of
ostconcecrosis have occurred in patents with cancer who
received high doses of intravenous bisphosphonates (136).
However, we could nor calculate the risk for this evenr
from the available studies. Some studies showed a link be-
tween atrial fibrillaton and either zoledronic acid or alen-
dronate (5, 137).

Calcitonin

Evidenee from randomized trials showed no clinically
important serious adverse events associated with the use of
calcitanin,

Esirogen

Lstrogen was associated wirh an increased risk for
thromboembolic events versus placebo in pooled resules
from 4 studics (OR, 1.36 [CI, 1.01 o 1.86]) (37, 85, 138,
139). In addition, poeled results for estrogen—progestn
also showed a higher risk for thromboembolic events versus
placebo (OR, 227 [CL 1.72 w0 3.02]) (52, 140, 141).
Pooled odds of stroke were increased with estrogen (OR,
1.28 [CI, 1.05 wo 1.57]) {83, 138, 139) and combined
estrogen—progestin (OR, 1.28 [CI, 1.05 ro 1.57]) relative
to placebo (52, 140). Women who received estrogen had a
lower pooled risk for breast cancer than those who reccived
placebo (OR, 0.79 [CL 0.66 to 0.93]) (83, 138, 142-144).
However, poaled analysis showed that women who re-
ceived. an estragen—progestin combinarion had an in-
creased risk for breast cancer (OR, 1.28 [Cl, 1.03 o 1.60])
{52, 131, 140). One study showed a lower risk for colon
cancer among women who received an estrogen—progestin
combinarion (OR, 0.64 |CI, 0.43 ro 0.95]) (85).

Teriparatide

Evidence from randomized trials showed no clinically
important serious adverse events associated with the use of
teriparatide.
SERMs

Raloxifene increased the pooled risk for pulmonary
cmbolism {OR, 6.26 [CI, 1.55 o 54.80]) (145, 146). In

addition, pooled results showed that raloxifene increased
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the risk for thromboembolic events {OR, 2.08 [Cl, 1.47 to
3.02) (145, 147-152) and mild cardiac events, inchuling
chest pain, palpitations, rachycardia, and vasodilatation
(OR, 1.53 [CI, 1.01 to 2.35]) {147, 149, 152-155).

Testosterone
No trials of testosterone reporred adverse events; how-
ever, testosterone has well-known side effects.

Calcium and Vitamin D

Evidence from randomized trials showed no clinically
important serious adverse events associated with the use of
calcium and vitamin D.

To summarize the adverse effects of drugs, estrogen
increased the risk for stroke and thromboembolic evens;
estrogen—progestin increased the risk for stroke and breast
cancer; and raloxifene increased the risk for pulmonary
cmbolism, thrombocmbolic events, and™ mild cardiac
evenrs. Enidronate was associared with increased risk for
esophageal ulcerations and, in addition to mild upper gas-
trointestinal events, increased che risk for perforations, ul-
cerations, and bleeding events. Alendronate was associated
with a higher risk for mild upper gastrointestinal events
than were eridronare, calcironin, and estrogen.

Good evidence shows that bisphosphonates {alendro-
nate, etidronare, and dsedronare) reduce the risk for vegre-
bral, nonvertebral, and hip fractures. Tbandronate reduces
veriebral fractures. No clear evidence indicares the appro-
priate duration of treatment with bisphosphonates; how-
ever, bisphosphonate trials ranged from 3 months to 60
months, Egtrogen reduces the risk for vertebral, nonverre-
bral, and hip fractures. Whereas evidence for fracrure risk
reduction from calcium alone is less clear, it is stronger for
vitamin D and calcium in combination {82). Evidence
showed a statistically significant reduction in the risk for
\f&:@g&s from vitamin D analogues [1,25(011)D
and HOITD] but mixed results for nonvertebral and hip
Fracture —

Oral bisphosphonaics increase the risk for such gastro-
intestinal adverse events as acid reflux. However, pooled
analyses showed no differences in occurrence of mild upper
gastrointestinal events among alendronate, ibandronate,
risedronate, or zoledronic acid versus placcbo; however,
pﬂ&iﬁyses of 18 rrials of etidvonate versus placebo
indicared an increased risk for mild gastrointestinal events.

+ The cvidence linking zoledronic acid infusion with atrial

fibrillation is contradictory. Raloxifenc increased che
pooled risk for pulmonary embelism and thrombocmbaolic
events. Fstrogen was linked to an increased risk for cere-
brovascular and thromboembolic events.

Recommendation 1: ACP recommends that clinicians offer
pharmacologic treatment to men and women who have known
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osteoporosis and 1o those who have experienced fragility fraciures
(Grade: strang recommmendation; bigh-quality evidence).

Good evidence supports the treatment of patients
who have osteoporosis to prevent further loss of bone
and ro reduce the risk for initial or subsequent fracture.
Randomized, controlled trials offer good evidence that,
compated with placebo, alendronare, ibandronare,
risedronate, calcitonin, reriparatide, and raloxifene pre-
veat vertebral fractures. Evidence is also good that
eeriparatide prevents nonvertebral fractures compared

with placebo and that riswmw:ﬁc pre-
vent both n(){l_\_’glléi)xa.‘{dwlgﬁo/nlpared with
placebo. Estrogen has been shown to be associated with
reduced verrebral, nonvereebral, and hip fractures. The
evidence on use of calcium with or withour vitamin D is
mixed, and the effectiveness is modest. Because most
trials of other pharmacologic therapy included their use,

we recommend adding calcium vitan to ostco-
porosis treatment regimens. Evidence 1s insufficient w deter-

mine the appropriate dutation of therapy.

Recommendation 2: ACP recommends that clinicians
consider pharmacologic treatment for men and women who
are at risk for developing osteaporasis (Grade: weak recom-
mendation; moderate-quality evidence).

Lvidence supports the teatment of selected patients
who are at risk for ostcoporosis but who do not have a
T-score on DXA less than —2.5. Evidence supporting pre-

ventive treatrent is stronger for patients who are at mod-
erate risk for osteoporosis, which includes patients who
have a T-score from —1.5 to —2.5, are receiving glucocor-
ticoids, or are older than 62 years of age.

Facrors thar increase the risk for osteoporosis in
men include age (>>70 vears), low body weight (body
mass index <20 to 25 kg/mz)_, weight loss (>10%
[compared with the usual young or adult weight or
weight loss in recent years]), physical inacrivity (no
physical activities performed regularly, such as walking,
climbing stairs, carrying weights, housework, or garden-
ing), corticosteroid use, and androgen deprivation ther-
apy (4). Risk factors for women include lower body
weight, the single best predictor of low bone mineral
density; smoking; weight loss; family history; decreased
physical activity; alcohol or caffeine use; and low cal-
cium and vitamin I} intake (3). ln certain circum-
stances, a single risk factor (for cxample, androgen de-
privation therapy in men) is enough for clinicians tw
consider pharmacologic treatment.

Research groups are developing calculators, such as the
World Health Organization’s Fracture Risk Asscssment
Tool (available at www.sheflac.uk/FRAXY), 1o predict the
risk for osteoporotic fractute. Such tools will help guide
both clinician and padent decisions.

Recommiendation 3: ACP recommends thai clinicians
choose antong pharmacologic treatment options for osteopo-
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rosis in men_and women_on the basis of an dssessment of the
risk and benefits to individual patients (Grade: strong rec-
ommendation; mederate-guality evidence).

We recommend that the choice of therapy for pa-
tients who are candidates for pharmacologic treatment
be guided by judgment of the risks, benefits, and adverse
effects of drug options for each individual patient. Ta-
ble 2 summarizes the benefits and harms of pharmaco-
logic agents for fracture risk. Because good-quality covi-
dence shows that bisphosphonates reduce the risk for
vertebral, nonvertebral, and hip fracrures, they are rea-
sonable optiens to consider as first-line therapy, partic-
ularly for patients who have a high risk for hip fracture.
Evidence from head-to-head wials is insufficient to dem-
onstrate the supetiortity of one bisphosphonate over an-
other. Alendronate and risedronate have been studied
more than other bisphosphonates (Table 2). lbandr-
onate has not been shown to reduce nonvertebral or hip
fracrures, which mav be an importanr consideration for
some patients. In a recent trial, zoledronic acid admin-
iszcrmwg%mh_&uccd
subscquent fracture and improved survival {(74). Of the
othet agents available for treatment of cﬁ:ﬁi‘j’z}rosis, es-
trogen has efficacy for vertebral, nonvertebral, and hip

fracrures bur is associared with orher serious risks; cal-
citonin has not been demonstrated to reduce nonverte-
bral and hip fracturcs; and calciunt and vitamin D arc
part of the treatment regimen in most studies of phar-
macologic agents for osteoporosis,

Gastrointestinal cvents are the most common ad-
verse effects associated with bisphosphonate therapy. No
evidence was found that bisphosphonares, calcium, vita-
min D), caleitonin, or teriparatide differ regarding risk
' for serious cardiac evencs. Eridronate is associated with
an incrcased risk for csophageal uleers, bleeding cvents,
and mild upper gastrointestinal events (acid reflux,
esophageal irritation, nausea, vomiting, and heartburn).
Raloxifene is associated with a higher risk for pulmonary
embolism, thromboembolic events, and mild cardiac
events {including chest pain, palpitations, tachycardia,
and vasodilatarion). Estrogen is associated with a greater
risk for stroke, and the esrrogen—progestin combination
is associated with a greater probability of stroke and
higher odds of breast cancer. In trials, perforations, ul-
cerations, and bleeding events occurred with all of the
bisphosphonates except zoledronic acid.

Recommendation 4: ACP recommends further vesearch ro
evaluate trearment of osteaporosis in men and women.

Current evidence is mostly concentrated on post-
menopausal women; morce rescarch on other patient pop-
ulations, including men, is needed. Comparative cffective-
ness data on preventing fracrures from head-to-head
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Table 2. Summary of Evidence about Drugs and Fracture Risk

Agent Effect on Risk and Level of Evidence Adverse Effects FDA Approval
Vertebral Fracture Nonvertebral Hip Fracture
Fracture
Bisphosphonates
Alendronate 1 strong evidence 1, strong evidence J; strong evidence Mild upper Gl events. Prevention or
e esophageal treatment
ulcerations,
perforations, and
bleeding events
Etidranate 1; strong evidence «»; fair evidence <, strong evidence Mild upper Gt events. Not FDA-approved for
- esophageal prevention or
ulcerations. treatment
perforations, and
bleeding events
Ibandronate 1 strang evidence «; strong evidence Not studied Esophageal Prevention or
ulcerations, treatment

Pamidronate

T

o .

Zoledronic ©
acid

Calcitonin

Estrogen

Yeriparatide

“serms .
Raloxifene

«> weak evidence

1; strong evidence

1 strong evidence

| fair evidence

J: strong evidence

N

1; strong evidence

J: strong evidence

«: weak evidence

1; strong evidence

1; strong evidence

«; strong evidence

1} stmng evidence

1; fair evidence

«; strong evidence

<> weak evidence

1; strong evidence

1; strang evidence

Not studied

§i strong evidence

== weak evidence

«; strong evidence

perforations, and
bleeding events

Mild upper Gi events,
esophageal
ulcerations.
perforations, and
bleeding events

Esophageal
ulcerations,
perforations, and
bleeding events

Muscular and joint
pain

No clinically significant
adverse effects

Thromboembolic
events;
cerebrovascular
accident. stroke.
and breast cancer
{when combined
with progestin,
gynecologic
problems
{endometrial
bieeding); breast
abnormalities (pain.
tenderness, and
fibrocytosis)

No clinically significant
adverse effects

Puimonary embolism,
thromboembotic
events

Not FDA-approved for
prevention or
freatment

Prevention or
treatment

Prevention

Treatrnent

Prevention

Treatment

Prevention or
treatment

Tamaxifen - strong evidence Not studied «, strong evidence Pulmonary embolism Not FDA-approved for
prevention or
treatment

Testosterone Not studied Not studied Not studied No clinically significant Mot FDA-approved for

Calcitm and

Maodest effect™;

Modest effect*;

Maodest effect™;

adverse effects

No dinically significant

prevention or
treatment

Over the counter

vitamin D strong evidence sirong evidence strong evidence adverse effects
l = decrewsed: © = no effec FDA = U.S, Food and Drug Administrations G = gastrointestinaly SERM = selective estrogen receptor modulavor.

* Pooled estimate across fractuce sites.

studies with sufficient power to deteet differences would be
helpful. The association between bisphosphonates and os- -
teonecrosis of the jaw also needs to be studied. Finally, 4

further rescarch is needed on prevention straregies in both
men and women and on the appropriate duration of treac-
ment f:()r (_)Srf:()l')()r()siﬁ.
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VisiT THE AnnaLs BOOTH AT SUBSPECIALTY MEETINGS

Annals staff will be at these upcoming meetings:

interscience Conference on Antimicrobial Agents and Chemotherapy/
infectivus Disease Sodety of America 2008, Washington, DC,

26-28 October 2008

American College of Rheumatology, San Frandsco, 25-28 October 2008
American Heart Association, New Orleans, 9-11 November 2008

American Sociely of Hematology, San Francisco, 6-9 December 2008

Stop by the ACP/Annals booth and register to be a peer reviewer or discuss
your thoughts for submissions or topic coverage with Annals staff.
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