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Context: We have previously demonstrated that alendronate reduces
the ability of teriparatide to increase bone mineral density (BMD) in
osteoporotic men. The underlying basis for this observation is poorly
understood.

Objective: The primary aim of this study was to determine whether
teriparatide increases osteoblast activity when the ability of teripa-
ratide to increase osteoclast activity is suppressed by alendronate.

Design: This was a nonblinded, randomized, controlled trial.

Setting: The study was conducted at the General Clinical Research
Center of a teaching hospital.

Patients: We studied 63 men, age 46—85, with low spine and/or hip
BMD.

Interventions: Subjects received alendronate 10 mg daily (group 1),
teriparatide 37 pg sc daily (group 2), or both (group 3) for 30 months.
Teriparatide was begun at month 6.

Main Outcome Measures: The primary endpoint was the change in
serum N-telopeptide, osteocalcin, and amino-terminal propeptide of
type 1 procollagen.

Results: In men receiving teriparatide monotherapy (group 2), levels
of all bone turnover markers increased markedly during the first 6
months of teriparatide administration and then declined toward base-
line during the next 18 months. In men who received combination
therapy (group 3), bone turnover marker levels declined in the first
6 months (while receiving alendronate alone) and then returned to
baseline levels (N-telopeptide) or above (osteocalcin and amino-
terminal propeptide of type 1 procollagen) after teriparatide was
added. Changes in each marker were significantly different between
groups 1 and 2 (all P values < 0.001), groups 1 and 3 (all P values <
0.001), and groups 2 and 3 (all P values < 0.03).

Conclusions: As with BMD, alendronate impairs the action of teripa-
ratide to increase bone turnover in men. (J Clin Endocrinol Metab
91: 2882-2887, 2006)

OSTEOPOROSIS AFFECTS OVER 20 million Americans
and leads to about 1.5 million fractures each year in
the United States (1). Although more common in women,
about 30% of all osteoporotic fractures occur in men (2).
Alendronate (3-8) and once-daily PTH fragment admin-
istration (9-13) both increase bone mineral density (BMD) in
osteoporotic men and women but do so by different mech-
anisms. Alendronate, a potent nitrogen-containing bisphos-
phonate, inhibits osteoclastic bone resorption and reduces
osteoblastic bone formation. In contrast, once-daily PTH ad-
ministration increases both bone formation and bone resorp-
tion. Thus, it seemed likely that combining human PTH(1-
34) (teriparatide) with alendronate might increase BMD
more than either agent alone. Surprisingly, however, we and
others recently demonstrated that combining alendronate
and PTH either failed to increase BMD more than mono-
therapy with PTH or actually impaired the ability of PTH to
increase BMD of the lumbar spine and femoral neck (14, 15).
To explore the mechanism of this unexpected finding, we
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performed detailed measurements of multiple biochemical
markers of bone turnover in these subjects and explored their
relationships with each other and with longitudinal changes
in BMD at multiple skeletal sites.

Subjects and Methods
Study subjects

Recruitment of the cohort and eligibility criteria have been described
previously (14). Briefly, all subjects were required to be 46—85 yr of age,
have BMD of the lumbar spine in the posterior-anterior and/or lateral
projection and/or the femoral neck at least 2 sp below the mean of young
normal men, and have a serum calcium level less than 10.6 mg/dl, serum
25-hydroxyvitamin D of at least 15 ng/ml, and normal levels of serum
intact PTH, TSH, and testosterone. Men with disorders or who were
taking medications known to affect bone metabolism or other chronic
diseases (14) were excluded. Because biochemical markers of bone turn-
over change rapidly once teriparatide treatment is stopped, men who
failed to complete the study on their assigned treatment were excluded
prospectively from all analyses as designated in the prestudy analysis
plan.

Study protocol

The study protocol has been described previously (14). Briefly, par-
ticipants were randomly assigned by a computerized program to receive
alendronate alone (10 mg orally once daily, group 1;n = 28), teriparatide
alone (40 ug sc once daily, group 2; n = 27), or both (group 3; n = 28).
Twenty men (three in group 1, 10 in group 2, and seven in group 3)
discontinued study medication before completing the protocol. Thus,
the final cohort consisted of 63 men who completed the protocol on
assigned treatment.
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Alendronate was begun at the baseline visit and continued for 30
months in groups 1 and 3. Teriparatide was begun at the 6-month visit
and continued for 24 months in groups 2 and 3. Teriparatide was started
after 6 months of alendronate to determine whether teriparatide’s ability
to increase osteoblast activity is attenuated when its ability to increase
osteoclast activity is suppressed. Calcium intake was estimated by a
research dietitian and maintained at 1000-1200 mg daily through diet
and/or supplements. All subjects received 400 U vitamin D daily. If the
25-hydroxyvitamin D level (measured every 6 months) fell to less than
15 ng/ml, additional vitamin D supplementation was given.

Blood was collected at baseline and at1, 2, 3,6,7,8,9,12, 18, 24, and
30 months to assess routine chemistries and biochemical markers of bone
turnover including serum N-telopeptide (NTX), osteocalcin (OC), and
amino-terminal propeptide of type 1 procollagen (P1NP). Serum calcium
was measured before and 4-6 h after teriparatide injection. Twenty-
four-hour urinary calcium excretion was measured before and 1 month
after starting teriparatide (month 7) and then every 6 months. BMD was
measured by dual-energy x-ray absorptiometry (DXA) at baseline and
every 6 months and by quantitative computed tomography (QCT) at
baseline and month 30. Compliance with study medications was as-
sessed by medication diaries and by counting residual medication sup-
plies. The study was approved by the Institutional Review Board of
Partners HealthCare System, and all subjects provided written informed
consent.

PTH preparation and dose adjustments

Good-manufacturing-practices-grade synthetic human PTH(1-34)
(Bachem, Inc., Torrence, CA) was placed into vials as a sterile lyophilized
powder (with mannitol, U.S.P.) under good-manufacturing-practices
conditions by Ben-Venue Laboratories (Bedford, OH). Amino acid and
HPLC analysis of the teriparatide preparation revealed that each vial
contained 37 pg rather than the intended 40 pg.

The teriparatide dose was reduced by 25% if any serum calcium value
was above 10.5 mg/dl or if the investigators felt that the subject was
experiencing a side effect of therapy. If hypercalcemia or symptoms
persisted, the teriparatide dose was reduced by another 25%. If hyper-
calcemia or symptoms persisted after two dose reductions, teriparatide
was discontinued. If the 24-h urinary calcium excretion was above 400
mg/d, dietary calcium and/or sodium was reduced by 25-50%. If hy-
percalciuria persisted, the teriparatide dose was reduced by 25-50% as
described above. If hypercalciuria persisted after a 50% dose reduction,
teriparatide was discontinued.

Measurements of bone turnover

Serum NTX was measured using an enzyme-linked immunoassay
(Wampole Laboratories, Princeton, NJ). Serum OC was measured using
an enzyme-linked immunoassay (ALPCO Diagnostics, Windham, NH).
Serum PINP was measured using a RIA (Orion Diagnostica, Espoo,
Finland). All samples for each subject were run in the same assay unless
an individual value needed to be repeated.

Measurements of BMD

BMD of the lumbar spine in the posterior-anterior and lateral pro-
jections, the proximal femur, the distal one-third radius shaft, and total
body was measured by DXA using a Hologic QDR 4500A densitometer
(Hologic, Waltham, MA). Our short-term in vivo measurement sp values
(with repositioning) are 0.005, 0.014, 0.007, and 0.006 g/cm? for poste-
rior-anterior spine, lateral spine, femoral neck, and total hip, respec-
tively. For men with T scores of 0, these values correspond to repro-
ducibility errors of 0.5, 0.8, and 0.6% for the posterior-anterior spine,
femoral neck, and total hip.

Trabecular BMD of the first four lumbar vertebrae was determined
by QCT with General Electric model QXI or Lightspeed Plus scanners.
Our short-term in vivo measurement sp (with repositioning) is 5 mg/cc
(16). All DXA and QCT bone density scans were analyzed by individuals
who were blinded to study treatment.

Statistical analysis

The predetermined primary endpoints were the differences in area
under the curve (AUC) of serum OC, PINP, and NTX across the three
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treatment groups. As per the prespecified analysis plan, we performed
a per-protocol analysis. AUC was calculated using the trapezoidal rule.
For group 1, AUC was determined from months 0-30. Because teripa-
ratide was started at month 6, AUC was determined from months 6-30
for groups 2 and 3. The AUCs were then compared using a one-way
ANOVA. If significant differences were found, pairwise comparisons
were performed and the type-1 error rate was adjusted for the multiple
comparisons using Bonferroni’s method. If the normality assumption
was not held, Kruskal-Wallis test and Mann-Whitney U test were used.
Pearson correlation coefficients were determined to assess associations
among the three markers of bone turnover. To assess the relationships
between changes in bone turnover and changes in BMD, Pearson cor-
relation coefficients were also determined between changes in AUC of
OC, PINP, and NTX and the percent change in BMD at each skeletal site.
To determine whether early changes in bone turnover could predict
changes in BMD, Pearson correlations were determined between the
percent change in each marker during the first 6 months of active therapy
in each group (months 0-6 for group 1 and months 6-12 for groups 2
and 3) and the percent change in BMD at each site. Baseline values of
the three treatment groups were compared by ANOVA. All P values are
two sided and values <0.05 are considered statistically significant. Un-
less otherwise noted, data are presented as the mean * sp.

Results
Characteristics of the subjects

The baseline characteristics of the 63 subjects (group 1,n =
25; group 2, n = 21; group 3, n = 17) are shown in Table 1.
Two men were Asian, one was Indian, one was African-
American, one was a Pacific Islander, and the remaining 58
were non-Hispanic Caucasians. There were no significant
differences in baseline characteristics among groups.

Adherence to protocol medication

All but three men took at least 95% of their alendronate
doses, and all but nine men took at least 90% of their teripa-
ratide doses. Five (24%) men in group 2 had their teriparatide
dose reduced by 25% and five (24%) by 50%. Four (24%) men
in group 3 had their teriparatide dose reduced by 25% and
five (29%) by 50%. Two men in group 2 had their teriparatide
dose reduced because of hypercalcemia and four because of
hypercalciuria. Four men in group 3 had their teriparatide
dose reduced because of hypercalcemia and two because of
hypercalciuria. The remaining dose reductions were because
of possible side effects.

Changes in bone turnover markers

Mean (* sE) percent change in serum OC, PINP, and NTX
levels during the 30-month study period are shown in Fig. 1.
In men treated with alendronate alone, mean serum OC and
PINP declined from baseline to month 6 and then remained
stable, whereas mean serum NTX reached its nadir within
1-2 months. In men treated with teriparatide alone, mean
serum OC, PINP, and NTX reached peak values by month
12 (i.e. 6 months after starting teriparatide) and then declined
gradually. Serum NTX increased less rapidly than did OC or
PINP in response to teriparatide alone. In men treated with
teriparatide plus alendronate, changes in all three markers
mirrored those observed in men treated with alendronate
alone from month 0-6, the time when both groups received
only alendronate. During the first 2 months of combined
therapy, mean serum OC and P1NP levels rose steeply and
continued to increase throughout the study period, eventu-
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TABLE 1. Baseline characteristics of men with osteoporosis treated with alendronate alone (ALN, group 1), PTH alone (group 2), or both

(group 3)
Characteristic Group 1 (n = 25), ALN Group 2 (n = 17), PTH Group 3 (n = 21), both P value

Age (yr) 5717 579 58 £ 8 0.84
Height (cm) 1742 £ 5.4 175.6 = 5.0 174.8 £ 5.5 0.78
Weight (kg) 76.5 £ 9.7 77.6 *13.1 77.8 £ 6.6 0.74
Body mass index (kg/m?) 25.2 £ 2.7 252+ 44 255 24 0.87
Calcium intake (mg/d) 1162 = 700 1023 * 554 1282 * 602 0.55
Testosterone (ng/dl)* 485 = 137 456 *= 85 546 + 146 0.06
25-Hydroxyvitamin D (ng/ml)® 24 + 11 22 =17 28 = 11 0.33
Alkaline phosphatase (U/liter) 72 + 16 78 + 28 75 = 14 0.56
DXA BMD (g/cm?)

Posterior-anterior spine 0.839 = 0.115 0.876 = 0.124 0.860 = 0.102 0.49

Lateral spine 0.647 = 0.087 0.680 = 0.077 0.667 = 0.061 0.39

Femoral neck 0.669 = 0.112 0.696 = 0.089 0.694 = 0.059 0.43

Total hip 0.828 = 0.118 0.884 = 0.101 0.884 = 0.068 0.15

One third radius 0.744 = 0.075 0.749 + 0.046 0.764 = 0.054 0.45

Total body 0.981 = 0.114 1.008 = 0.096 1.008 = 0.105 0.51
QCT spinal bone density (g/cm?®) 93 + 22 97 + 23 97 + 25 0.70
OC (ng/ml) 258 27+ 6 22+8 0.10
P1INP (ng/ml) 44 + 13 46 = 12 41 = 16 0.21
NTX (nm BCE) 14 +3 14 +3 13+3 0.54

Values are the mean = SD. The last column shows the P values determined by ANOVA across all three groups. BCE, Bone collagen equivalents.

“To convert to nanomoles per liter, multiply by 0.0347.
® To convert to nanomoles per liter, multiply by 2.496.

ally reaching levels that were approximately twice baseline.
Mean serum NTX levels also rose once teriparatide was
added to alendronate therapy, but the increases were more
gradual and much more modest than for OC or PINP such
that mean NTX levels never exceeded baseline. As a result,
mean levels of all three markers converged in men receiving
teriparatide alone and in men receiving teriparatide plus
alendronate as teriparatide was continued for 2 yr. For each
marker, the mean AUC was highest in men treated with
teriparatide alone, next highest in men treated with teripa-
ratide plus alendronate, and lowest in men treated with
alendronate alone, and all groups differed from one another
(P < 0.001 for all comparisons between groups 1 and 2 and
groups 1 and 3 and P < 0.03 for all comparisons between
groups 2 and 3).

Serum Osteocalcin

400

Serum P1NP

Associations among bone turnover markers and BMD

There were significant associations among serum OC,
PINP, and NTX in all three groups during treatment (Table
2). In group 1, these associations ranged from 0.52-0.78.
Associations among markers were slightly stronger in the
two PTH-treated groups than in the group treated with alen-
dronate alone. In men treated with PTH alone or alendronate
alone, the association between OC and P1NP was somewhat
stronger than the association between NTX and OC or NTX
and PINP.

Associations between the percent change in AUC for bone
turnover markers and percent change in BMD of the spine, hip,
total body, and radius shaft are shown in Table 3. In group 1,
associations were consistently negative and significant only
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Fic. 1. Mean percent change from baseline for serum OC, PINP, and NTX in men receiving alendronate alone (M), human PTH(1-34) alone
(#), or both (@). PTH was begun at month 6. Data are plotted as the mean (=SE). Error bars that are not seen are contained within the symbols.
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TABLE 2. Associations among changes in AUC of bone turnover
markers in men with osteoporosis during treatment with alendronate
alone (group 1), PTH alone (group 2), or both (group 3)

Group PINP vs. OC PINP vs. NTX OC vs. NTX
1 0.78% 0.62% 0.52°

2 0.86“ 0.68° 0.67°

3 0.88“ 0.85% 0.91¢

¢ P < 0.001.

P <0.01.

when comparing changes in OC AUC with changes in lateral
spine (r = —0.64) or total body (r = —0.49) BMD, NTX AUC
with changes in femoral neck BMD (r = —0.46), or PINP AUC
with changes in lateral spine BMD (r = —0.64). In group 2, there
were moderately strong positive associations between the per-
cent change in femoral neck BMD and the change in AUC for
PINP (r = 0.74), OC (r = 0.67),and NTX (r = 0.64) and moderate
associations between changes in bone markers and the percent
change in radius shaft BMD (r = —0.45 to —0.48) and total hip
BMD (r = 0.31 to 0.48). In group 3, there were moderately strong
associations between the percent change in radius shaft and
lateral spine BMD and the percent change in AUC for each
marker (r = —0.58 to —0.65 for radius shaft, and r = 0.53 to 0.69
for lateral spine) and moderate associations between changes in
bone markers and the percent change in total hip BMD (r =
—0.27 to —0.61). In general, associations between changes in
bone turnover and changes in BMD at a given skeletal site were
of similar magnitude for each marker.

TABLE 3. Associations between changes in AUC of bone turnover
markers and percent change in BMD from months 0-30 in men
with osteoporosis during treatment with alendronate alone (group
1), PTH alone (group 2), or both (group 3)

PINP oC NTX

Posterior-anterior spine

Group 1 -0.18 -0.45 0.01

Group 2 0.32 0.38 0.08

Group 3 0.08 0.51¢ 0.38
Lateral spine

Group 1 -0.37 —0.64° -0.42

Group 2 0.26 0.06 —-0.12

Group 3 0.53% 0.65° 0.69°
Total hip

Group 1 —0.08 -0.18 -0.28

Group 2 0.48¢ 0.43 0.31

Group 3 -0.61° -0.27 -0.33
Femoral neck

Group 1 —-0.05 -0.12 —0.46

Group 2 0.74% 0.67° 0.64°

Group 3 0.00 0.14 0.18
Total body

Group 1 —0.45% —0.49° —-0.09

Group 2 0.21 0.07 —-0.03

Group 3 -0.46 -0.23 -0.20
Radius shaft

Group 1 -0.32 —0.08 -0.39

Group 2 -0.45 -0.48 —0.46

Group 3 -0.61° —0.58° —0.65°
QCT

Group 1 -0.28 -0.06 -0.03

Group 2 0.28 0.41 0.34

Group 3 0.26 0.16 0.11
P < 0.05.
P <0.01.
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Because there might be clinical utility if early changes in
markers predict subsequent changes in BMD, we also ex-
amined associations between the percent change in each
marker during the first 6 months of randomly assigned ther-
apy and the percent change in BMD across the entire study
period. Once again, there were several moderately strong
associations between changes in markers and changes in
BMD. Associations between percent change in BMD and the
change in bone formation markers across the entire treatment
period were often stronger than similar associations with the
6-month percent change in bone formation markers (data not
shown, available upon request).

Discussion

In this study, administration of alendronate, a potent in-
hibitor of bone resorption, reduced the ability of once-daily
teriparatide administration to increase levels of serum PINP,
OC, and NTX, biochemical markers used to reflect activity of
osteoblasts and osteoclasts (17). These findings suggest that
alendronate impairs the ability of teriparatide to stimulate
new bone formation in men and are consistent with our
previous report that alendronate impairs the ability of teripa-
ratide to increase BMD of the lumbar spine and femoral neck
in men (14). Similar results have been reported in a shorter
study comparing the effects of alendronate, PTH, or both in
postmenopausal women (15).

Our objective was to determine whether bone resorption is
required for teriparatide to increase bone formation. A previous
study had demonstrated that 6 wk of daily teriparatide treat-
ment failed to increase bone resorption (as reflected by urinary
excretion of NTX and free deoxypyridinoline) in postmeno-
pausal women who had received alendronate for an average of
11 months (18). To prevent teriparatide-induced increases in
bone resorption, we administered alendronate for 6 months
before initiating teriparatide administration. By and large, we
accomplished our goal. Mean serum NTX levels, used to reflect
bone resorption, never exceeded baseline levels in the men who
received combination therapy, indicating that bone resorption
was not elevated above normal in those men. Despite this, mean
serum OC and P1NP levels clearly increased above baseline in
these men, although the increases in these bone formation
markers were dramatically attenuated compared with the in-
creases in OC and P1NP in men treated with teriparatide alone.
These findings indicate that alendronate attenuates the ability
of teriparatide to increase bone formation and strongly suggest
that bone resorption plays an important role in the anabolic
actions of PTH on bone. It should be noted, however, that serum
NTX levels did increase modestly, reaching pre-alendronate
baseline levels, when teriparatide was added to alendronate,
indicating that alendronate did not completely block the ability
of teriparatide to stimulate bone resorption. It is unclear
whether the anabolic capacity of teriparatide would have been
attenuated further if alendronate had totally blocked teripa-
ratide’s ability to stimulate bone resorption.

Several other studies have examined the effects of PTH
plus antiresorptive agents in humans. Three randomized,
controlled studies reported that teriparatide increases BMD
in postmenopausal women taking estrogen or estrogen-
progestin replacement therapy (19-21). Because none of
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these studies included a group of subjects treated with teripa-
ratide alone, however, it is not possible to determine whether
postmenopausal hormone therapy augments, does not
affect, or reduces the ability of teriparatide to increase
BMD. Moreover, because hormone therapy failed to prevent
teriparatide-induced increases in bone resorption in these
women, the role that bone resorption plays in the anabolic
effects of teriparatide could not be assessed (21). In women
on long-term alendronate therapy a 6-wk course of teripa-
ratide increased markers of osteoblast activity without in-
creasing markers of osteoclast activity (18). Once again, how-
ever, the lack of a group of subjects treated with teriparatide
alone makes it impossible to determine whether alendronate
reduced the ability of teriparatide to increase bone formation
activity. Teriparatide increased bone formation and BMD
less in postmenopausal women previously treated with alen-
dronate than in postmenopausal women previously treated
with raloxifene (22). Because alendronate is a more potent
antiresorptive agent than raloxifene and has a much longer
biological half-life, this finding is also consistent with the
notion that antiresorptive agents mitigate the anabolic effects
of teriparatide. This study also raises the question whether
different classes of antiresorptives, such as bisphosphonates,
hormone therapy, selective estrogen receptor modulators, or
antibodies against receptor activator of nuclear factor-«B
ligand (RANKL), may affect PTH action differently. Finally,
in a 6-month study, total hip BMD increased slightly more
when teriparatide was given together with raloxifene, al-
though changes in lumbar spine and femoral neck BMD were
similar (23). The short duration of this study limits interpre-
tation of its findings.

The mechanisms whereby alendronate attenuates the ana-
bolic action of teriparatide is unknown, although some mech-
anisms have been proposed. PTH could exert its anabolic effect
on bone either indirectly via a mechanism that requires it to
increase osteoclastic bone resorption or via a direct stimulatory
effect on osteoblastic bone formation. Bone resorption may re-
lease preformed growth factors adsorbed to bone matrix such
as IGF-I, TGF-B, or basic fibroblast growth factor (24). If these
locally released growth factors cause or enhance the anabolic
action of PTH, suppressing bone resorption would impair the
anabolic actions of PTH as observed in our subjects. Osteoclasts
may also activate osteoblasts by direct intercellular communi-
cations, as has been established for osteoblastic regulation of
osteoclast formation (25). In contrast, PTH might stimulate bone
formation independently of its effects on bone resorption, either
by reducing osteoblast apoptosis (26) or by increasing the local
production of IGF-I or other growth factors that stimulate os-
teoblast activity (27-29). Bisphosphonates reduce the number
and activity of osteoblasts (30). In the presence of alendronate,
there may be fewer osteoblasts available for stimulation by PTH
or the activity of individual osteoblasts could be impaired.
Thus, although our data strongly suggest that bone resorption
is required, at least in part, for the anabolic actions of PTH, we
cannot exclude the possibility that these results are due to direct
effects of alendronate on osteoblasts.

Levels of bone turnover markers peaked after 6 months of
treatment with teriparatide monotherapy and then declined
toward baseline. This pattern is similar to that which we (12)
and others (9, 10, 21, 31-34) have reported previously in
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humans. The mechanism for this delayed PTH resistance is
unknown, although it could reflect a depletion of osteoblast
precursors, a decrease in osteoblast sensitivity to teripa-
ratide, changes in teriparatide absorption, changes in teripa-
ratide metabolism, or other factors. Interestingly, although
teriparatide-induced increases in markers of osteoblast ac-
tivity were attenuated by alendronate, these markers con-
tinued to increase gradually throughout the study period in
men receiving combination therapy. Thus, the formation
markers in the teriparatide-treated groups were converging
by the end of the study period, a finding that was not ap-
parent in a similar shorter study (15). If combination therapy
were continued even longer, it is possible that osteoblast
activity would eventually be similar to or even surpass levels
in men treated with teriparatide monotherapy. Such putative
effects and the long-term consequences of combination ther-
apy on BMD and fractures warrant additional study.

No consistent pattern of associations was observed between
changes in markers of bone turnover and changes in BMD. In
men treated with teriparatide alone, increases in bone turnover
markers were most strongly associated with changes in hip and
radius shaft BMD. In men treated with teriparatide plus alen-
dronate, increases in markers of bone turnover were best as-
sociated with changes in spine and radius shaft BMD. In
women with postmenopausal osteoporosis, changes in the se-
rum carboxyl-terminal propeptide of type 1 procollagen after 1
month of teriparatide therapy and PINP after 3—-6 months were
the best predictors of subsequent increases in lumbar spine
BMD (32, 34). Similar associations have been reported between
bone turnover markers and changes in spine BMD with teripa-
ratide administration in postmenopausal women on chronic
estrogen and glucocorticoid therapy (33) and in men (9). We did
not find any advantage of measuring early changes in bone
turnover vs. cumulative changes in bone turnover for predict-
ing changes in BMD. Additionally, markers used to assess os-
teoblast activity offered no consistent advantage over a marker
used to assess osteoclast activity in predicting changes in BMD
in response to teriparatide, and none of the associations was
strong. Thus, although measurements of bone turnover mark-
ers provide valuable insight into teriparatide pharmacotherapy,
these markers are unlikely to provide important clinical infor-
mation in individual patients treated with teriparatide mono-
therapy or with combination therapy.

The dose of teriparatide employed (37 ng) was higher than
that currently approved by the U.S. Food and Drug Admin-
istration (20 ug) but similar to the dose used in many clinical
studies of teriparatide (10-13, 35). Alendronate might impair
the ability of a lower dose of teriparatide to increase bone
turnover even more. If so, antiresorptive agents might reduce
the anabolic effect of teriparatide in clinical practice more
dramatically than reported previously (14).

In summary, alendronate impairs the ability of teripa-
ratide to increase bone turnover in osteoporotic men. This
finding suggests that bone resorption plays a role in the
ability of teriparatide to increase bone formation. After an
initial period of dramatic stimulation, bone turnover declines
with continued teriparatide monotherapy. Daily injections of
teriparatide initially increase indices of bone formation and
resorption much more in men receiving teriparatide mono-
therapy than in men receiving combination therapy, but this
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large initial difference dissipates as teriparatide therapy is
prolonged. The long-term consequences of these differing
patterns of bone turnover merit additional investigation.
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