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Abstract Teriparatide (rhPTH[1-34]), a bone-forming
agent for the treatment of osteoporosis, increases bone
mineral density in men and women, and reduces the risk
of fractures in women with osteoporosis. However,
fracture efficacy has not yet been confirmed in men.
Further, there is limited information on the effect of
withdrawal of teriparatide. The purpose of this manu-
script is to report on bone mineral density and vertebral
fracture incidence during a 42-month observation period,
from the baseline of the previously reported treatment
study in men [1] through 30 months of posttreatment
follow-up. Three hundred fifty-five men who were treated
with once-daily self-injections of either placebo or 20 or
40 lg of teriparatide participated in the follow-up study.
Bone mineral density gradually decreased following dis-
continuation of teriparatide therapy. However, the
lumbar spine and total hip values remained significantly
higher than baseline after 30 months of follow-up
(p £ 0.001). Antiresorptive treatment prevented the
decline and tended to further increase bone mineral
density. Lateral thoracic lumbar radiographs obtained at
baseline and 18 months after discontinuation of
teriparatide were available for 279 men. Of these men,
11.7% assigned to placebo, 5.4% treated with teripara-

tide 20 lg, and 6.0% treated with teriparatide 40 lg had
an incident vertebral fracture. In the combined teri-
paratide treated groups vs placebo, the risk of vertebral
fracture was reduced 51% (nonsignificant, p=0.07). The
incidence of moderate or severe fractures was signifi-
cantly reduced by 83% (p=0.01). In conclusion, men
who received teriparatide and who may have received
follow-up antiresorptive therapy had a decreased risk of
moderate and severe vertebral fractures.
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Introduction

The incidence of vertebral fractures, the most common
fracture resulting from osteoporosis, increases markedly
with age in both men and women, particularly in indi-
viduals with a prevalent vertebral fracture [2, 3]. Both
men and women suffer from significant functional
impairment, including impaired rising or bending and
need for assistive walking devices, in addition to back
pain, kyphosis, and reduced quality of life as a result of
severe vertebral deformities [4]. In men who have suf-
fered a vertebral fracture, the risk of hip fracture is
quadrupled compared with the general population [5].
Men have a higher mortality rate than women following
an osteoporotic fracture [6], and low bone mineral den-
sity (BMD) has been associated with increased all-cause
mortality in men [7, 8]. Gehlbach et al. [9] reported that
in the United States men accounted for 23% of patients
45 years and older hospitalized in 1997 for osteoporotic
vertebral fractures, twofold higher than the estimates of
Ray et al. [10]. Annual health care expenditures for
osteoporotic fractures in white men were estimated to be
$2.5 billion in 1995, almost 20% of the total expenditure
for osteoporotic fractures in the United States [10].
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Until recently, the only agents approved for the
treatment of osteoporosis in men have been bisphosph-
onates, which increase BMD and lower vertebral frac-
ture risk by reducing bone resorption and remodeling
[11, 12, 13]. Parathyroid hormone (1-34) has been
studied in men and women with osteoporosis [1, 14, 15,
16] and teriparatide 20 lg (rDNA) injection (re-
combinant human parathyroid hormone [1-34]) was re-
cently approved in the United States to treat women and
to increase bone mass in men with primary or hypogo-
nadal osteoporosis who are at high risk for fracture
[1, 15].

We previously reported the effects of teriparatide
therapy on BMD in men with osteoporosis [1]. In that
study radiographs of the thoracic lumbar spine were
obtained only at baseline. A follow-up safety study
provided the opportunity to obtain follow-up radio-
graphs at 18 months and BMD assessment up to
30 months after teriparatide therapy was discontinued.
Here we report the analyses of the effects of teriparatide
therapy on bone density and vertebral fracture incidence
in men during treatment follow-up.

Methods

Original trial subjects and treatment

Four hundred thirty-seven men with idiopathic or hy-
pogonadal osteoporosis were randomized to teriparatide
20 lg, teriparatide 40 lg, or placebo by daily subcuta-
neous self-injection in a trial conducted at 37 study sites
in 11 countries as previously reported [1]. All patients
received supplemental calcium (1,000 mg daily) and
vitamin D (400–1,200 IU daily). Briefly, the men were 30
to 85 years old and had lumbar spine or proximal femur
BMD at least 2 SD below the young adult mean for men
[1].

The planned duration of the trial was 24 months, but
it was stopped in December 1998 after osteosarcoma
developed in a concurrent study in Fischer 344 rats
treated for near lifetime periods with teriparatide as part
of a routine toxicology evaluation [17]. The results of
this and a subsequent carcinogenicity study suggested to
an oncology review panel that the rat osteosarcoma
findings were unlikely to predict an increased risk of
osteosarcoma in patients with osteoporosis receiving

teriparatide treatment for 2 years or less [18, 19]. After
discontinuation of treatment, men who had been ran-
domized to treatment in the clinical trial were invited to
participate in a follow-up study. The median duration of
the treatment trial for men who enrolled for the follow-
up study was 12 months, with 11 months of exposure to
drug.

Follow-up study

Of the 437 men in the treatment trial, 355 (81%) enrolled
in the follow-up study. The first visit of the follow-up
study occurred a median of 6 months after the treatment
study closeout visit (Fig. 1). Subsequent visits occurred
annually, approximately 18 and 30 months after the
treatment study closeout visit (Fig. 1). Information
about serious adverse events occurring after the dis-
continuation visit of the treatment study and before the
first visit of the follow-up study was reported in the
follow-up study. Although the primary goal of the fol-
low-up study was safety surveillance, radiographs of the
thoracic and lumbar spine were obtained at the 18-
month follow-up visit, and bone density measurements
were made at the 6-, 18-, and 30-month follow-up visits,
corresponding to 18, 30, and 42 months after treatment
baseline, respectively. Investigators also collected infor-
mation on calcium supplements and concomitant med-
ication use.

At the end of the teriparatide treatment trial, patients
and investigators were unblinded to study treatment
group. Thereafter, men were treated by their physicians
according to standard clinical practice, including the
elective use of other osteoporosis therapies. Calcium and
vitamin D supplements were used at the discretion of the
patients and their physicians during the follow-up peri-
od.

The study was conducted in accordance with the
ethical standards of the Helsinki Declaration of 1975, as
revised in 1983. Ethical review boards at each center
approved the studies, and patients gave written informed
consent for participation.

Bone density

During teriparatide therapy, lumbar spine BMD was
measured at baseline and at 3, 6, 12 months and the
early discontinuation or study closeout visit; total hip
BMD was measured at baseline and 12 months and the
early discontinuation or closeout visit. During the fol-
low-up study, lumbar spine and total hip BMD was
measured 6, 18, and 30 months after the treatment
closeout visit. BMD measurements were made by dual-
energy X-ray absorptiometry. Acquisition scans were
reviewed by a central reading site, as described in the
original study [1]. Vertebrae with fractures or artifacts
were excluded during analysis. Data for the 12-month

Fig. 1 Timeline from treatment baseline to the 30-month follow-up
study visit. The treatment study closeout visit is the 0-month
reference for the follow-up study

511



time point in the figures reflect the 12-month, study
close-out visit or early discontinuation visit.

Vertebral fractures

Radiographs were not obtained postbaseline of the
treatment trial in men; therefore, the radiographs done
at the 18-month visit in the follow-up study provided the
first opportunity to evaluate vertebral fracture efficacy in
men treated with teriparatide. Of the 355 men in this
study, 279 had usable radiographs at baseline and at the
follow-up visit. The only baseline characteristic that was
significantly different between the men with (n=279)
and without (n=76) paired radiographs was a higher
baseline calcium intake in men who did not have paired
radiographs (1,050 mg/day vs 800 mg/day).

The incidence of one or more new vertebral fractures
was determined by comparing lateral thoracic lumbar
spine radiographs obtained at the baseline of the treat-
ment study with those obtained at the 18-month visit of
the follow-up study. Experienced radiologists at a cen-
tral location (Synarc, San Francisco, CA, USA), blinded
to original treatment assignment, graded baseline and
postbaseline follow-up radiographs using a semiquanti-
tative method [20]. Vertebrae T4 through L4 were gra-
ded from normal (grade 0) to severely deformed (grade
3). A new vertebral fracture, assessed from the 18-month
follow-up radiograph, was defined as a change in a
normal vertebra from grade 0 to grade 1, 2, or 3; changes
to grades 2 or 3 were defined as moderate or severe,
respectively. Vertebrae were not graded if scoliosis, fu-
sion, or other anomalies prevented adequate radio-
graphic assessment.

Statistical analysis

Vertebral fracture incidence was analyzed by the Pear-
son v-square test. The analysis of vertebral fractures
examined the number of patients with fracture. Lumbar
spine and total hip BMD data were analyzed by analysis
of variance, with treatment and country as main effects.
The analyses were conducted according to the original
randomized treatment group assignment, and BMD re-
sults are presented as mean ± SE. All tests were two-
tailed with a significance level of 0.05. Statisticians at Eli
Lilly and Company analyzed data using SAS v6.09 for
MVS (SAS Institute, Cary, NC, USA).

Results

Patient characteristics

Of the 437 men assigned to a treatment group, 355 men,
more than 90% of the men who were still in the treat-
ment study at the time of early closure, enrolled in the
follow-up study (Fig. 1). At the treatment study base-

line, the mean (±SD) age was 58.6 ± 12.9 years; height,
173.5 ± 7.3 cm; weight, 76.2 ± 12.0 kg; lumbar spine
BMD, 0.87 ± 0.14 g/cm2. Forty-one percent of the men
had one or more prevalent vertebral fractures.

The baseline demographic and clinical characteristics
of men who were enrolled in the follow-up study were
not different from those who did not enroll. These
characteristics were not different when compared by
former treatment group assignments among men par-
ticipating in the follow-up study.

Safety

There were no serious safety concerns during the follow-
up study, and no clinically relevant conditions associ-
ated with prior teriparatide treatment. There were also
no differences or trends among treatment groups in the
incidence of carcinoma; no osteosarcoma was reported
in any patient.

Osteoporosis drug use during the follow-up study

At the 18- and 30-month follow-up study visits (30 and
42 months after the treatment study baseline), 25% and
29% of the men, respectively, reported use of any oste-
oporosis drug. At the 30-month follow-up visit, a sig-
nificantly greater proportion of men in the placebo
group reported the use of osteoporosis therapy com-
pared with the combined teriparatide-treated group
(n=46, 36%; n=58, 25%; for placebo and teriparatide,
respectively; p=0.03). Bisphosphonates accounted for
approximately 75% of osteoporosis therapy used at the
30-month follow-up visit (n=37, 29%; n=42, 18%); for
placebo and combined teriparatide groups, respectively;
p=0.02]. Testosterone was the second most common
treatment reported by 22% and 18% of men using an
osteoporosis treatment, for the respective visits.

Bone mineral density

Lumbar spine and total hip BMD for both teriparatide
20 lg and 40 lg groups was significantly higher than
placebo at 18 and 30 months after baseline in all men,
even though density values gradually declined following
discontinuation of teriparatide therapy (Fig. 2A). Fur-

Fig. 2A–C Percentage change in lumbar spine and total hip bone
mineral density (mean ± SE). The solid and dashed lines in the
graphs designate the treatment and follow-up, respectively.
TPTD20 teriparatide 20 lg, TPTD40 teriparatide 40 lg; *p<0.05
vs placebo; �p<0.01 vs placebo. A All men. For 30-month visit:
placebo n=105, TPTD20 n=104, TPTD40 n=96. B Men who
reported bisphosphonate use at the 30-month follow-up visit. For
30-month visit: placebo n=37 (29%), TPTD20 n=22 (18%),
TPTD40 n=20 (19%). C Men who did not report any use of an
osteoporosis treatment. For 30-month visit: placebo n=81 (64%),
TPTD20 n=95 (79%), TPTD40 n=75 (70%)

c
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thermore, lumbar spine and total hip BMD for the ter-
iparatide 40 lg group was significantly higher than
placebo (both p<0.01) at 42 months after baseline
(Fig. 2A). After 42 months, lumbar spine and total hip
BMD for the teriparatide 20 lg group was significantly
greater than baseline (p<0.001 and p<0.01, respec-
tively), but for total hip BMD, placebo was not
(Fig. 2A).

In men who received bisphosphonate therapy, BMD
increased in all groups. There were no statistically sig-
nificant differences between the teriparatide groups and
placebo in lumbar spine or total hip BMD after 30 or
42 months (Fig. 2B). This was likely due to the smaller
sample sizes. Lumbar spine and total hip BMD for the
teriparatide-treated men was significantly higher than
baseline at 30 and 42 months after baseline (p<0.01).
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In men who did not use other osteoporosis drugs
following discontinuation of teriparatide treatment,
lumbar spine and total hip BMD results were similar to
the overall results (Fig. 2C). However, at 42 months,
total hip BMD for the teriparatide 20 lg and placebo
groups were not significantly different from baseline.

Fracture incidence

Of the patients who participated in the follow-up study,
279 men had lateral thoracic lumbar spine radiographs
that were adequate for evaluation at both baseline and
the 18-month visit of the follow-up study (Table 1). New
vertebral fractures occurred in 22 men (7.9%) over a
median of 30 months, from original treatment trial
baseline to the 18-month visit of the follow-up study.
The incidence of new vertebral fractures in teriparatide-
treated men was reduced by 51% compared with pla-
cebo (absolute risk reduction 6%, p=0.07) (Table 1;
Fig. 3A). The incidence of new moderate or severe
fractures in combined teriparatide groups was signifi-
cantly reduced by 83% (absolute risk reduction 5.7%),
compared with placebo (p=0.01) (Table 1; Fig. 3A).
The lack of a radiograph at the end of the treatment
study and the low incidence of vertebral fractures pre-
vented an assessment of the effects of osteoporosis
therapies used during follow-up on vertebral fractures.

In the 114 men who had a prevalent vertebral fracture
at baseline, the absolute risk reduction for new vertebral
fractures in the teriparatide groups compared with pla-
cebo was 13.1% (Fig. 3B); there were no new moderate
or severe fractures in the teriparatide-treated men with
prevalent vertebral fractures (p=0.002, compared with
placebo).

For the 42-month period, there were no significant
differences among treatment groups in the incidence of
nonvertebral fractures (p=0.25).

Discussion

Previously Orwoll et al. [1] demonstrated that teripara-
tide treatment increased bone density in men with
osteoporosis. During posttreatment follow-up of these
men, lumbar spine BMD tended to decline in men pre-
viously treated with teriparatide who received no addi-
tional osteoporosis drug therapy, although it remained

significantly higher than baseline; hip BMD also re-
mained generally higher. In men who received additional
bisphosphonate therapy following teriparatide therapy,
spine and hip BMD values were increased above both
baseline and endpoint of treatment period values. The
absolute increase, subsequent posttreatment decline, and

Table 1 Men with new vertebral fractures from treatment baseline to the 18-month teriparatide follow-up study visit, based on 279 men
who had adequate lateral radiographs at baseline and 18-month follow-up visit, 30 months from baseline. TPTD20 teriparatide 20 lg,
TPTD40 teriparatide 40 lg

Placebo TPTD20 TPTD40 Combined TPTD Total
n=103 n=92 n=84 n=176 n=279

Number (%) with new vertebral fracture 12 (11.7%) 5 (5.4%) 5 (6.0%) 10 (5.7%) 22 (7.9%)
Number (%) with new moderate or severe fracture 7 (6.8%) 1 (1.1%) 1 (1.2%) 2 (1.1%)* 9 (3.2%)

*p=0.014, combined TPTD vs placebo

Fig. 3A,B Reduction in incidence of new vertebral fractures and
new moderate or severe vertebral fractures from treatment baseline
to the18-month follow-up visit in men enrolled in the follow-up
study who had radiographs at both time periods. *p<0.05 vs
placebo; �p<0.01. A All men (n=279). B Men with prevalent
vertebral fractures (n=114)
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favorable response to antiresorptive therapy on lumbar
spine bone mineral density are similar to those observed
in women [16] and suggest that antiresorptives could be
helpful in maintaining bone density after discontinua-
tion of teriparatide therapy. This is also supported by a
study by Rittmaster et al. in women previously treated
with PTH(1-84) [21]. This possibility should be assessed
in studies specifically designed to test the hypothesis. In
this context it can be mentioned that concomitant
treatment with teriparatide and a bisphosphonate does
not seem advisable, as the latter mitigates the anabolic
effects of teriparatide on the bone [22, 23].

In this follow-up study, the risk of a new vertebral
fracture in men was reduced by 51% (p=0.07) and the
absolute risk reduction was 6%, similar to that observed
in a larger study of women with prevalent fracture [15,
16]. For the men in this study with a baseline prevalent
vertebral fracture, the risk of a new vertebral fracture
was significantly reduced by 61%.

Similarly, the risk reduction in newmoderate or severe
vertebral fractures of 83% for the combined teriparatide-
treated group of men compared with placebo-assigned
men is also similar to the risk reduction of new moderate
or severe vertebral fractures observed in women [15, 16].
There were no new vertebral fractures that were scored as
moderate or severe in the teriparatide-treated men who
had a prevalent vertebral fracture at baseline. Moderate
or severe vertebral fractures are the most clinically
important, since these fractures increase with age in men
and are associated with functional impairment, chronic
pain, and reduced quality of life [4, 24].

This study has important limitations including the
observational nature of the posttreatment follow-up and
the use of other treatments by some men that could af-
fect their fracture risk. Nevertheless, a substantial pro-
portion of the men from each of the prior treatment
groups participated in this follow-up study. Other
treatments that could affect fracture risk were used by a
relatively small and similar proportion of men in each of
the treatment groups with significantly more men as-
signed to placebo than teriparatide receiving another
treatment. Therefore it is unlikely that the effect on
fracture risk was significantly biased by these factors.
The initial design was sized to evaluate the effect of
treatment on bone mineral density. A larger study would
provide more certainty in assessing the effect of treat-
ment on fracture risk.

In summary, these data obtained in men with idio-
pathic or hypogonadal osteoporosis are the first to show
that teriparatide treatment can reduce the risk of mod-
erate and severe vertebral fractures. Together with the
previously reported results in women, these results pro-
vide evidence that teriparatide is effective in treating
osteoporosis and reducing the risk of vertebral fractures
regardless of gender.
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