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Abstract

Objective—To determine the skeletal effects of alendronate therapy in men with primary
hyperparathyroidism (PHPT) in comparison with those in postmenopausal women.

Methods—There essentially are no published data on the effects of bisphosphonate therapy in
men with PHPT. We previously conducted a double-blind, randomized, single- crossover trial of
alendronate, 10 mg daily, in PHPT and reported that alendronate significantly increases bone
mineral density (BMD) at 12 months relative to baseline values. That study sample included both
women (n = 28) and men (n = 9) and both premenopausal (n = 4) and postmenopausal (n = 24)
women. Study subjects were randomly assigned to receive either alendronate or placebo during
the first year, and all subjects received alendronate during the second year. Among the men, 3
received alendronate and 6 received placebo during the first year. The current analysis focuses on
the skeletal effects of alendronate therapy in the 9 men during their first year of treatment versus
the 6 men during their first year while receiving placebo as well as the 24 postmenopausal women
during their first year of alendronate therapy. Paired t tests comparing baseline and 12-month data
were performed for the 9 treated men and the 6 control subjects; unpaired t tests were used to
compare the 9 treated men and the 24 treated women.

Results—Alendronate therapy for 1 year (n = 9) resulted in a 4.8% increase in BMD at the
lumbar spine (P =.1) in comparison with the men who received 1 year of placebo (n = 6). Relative
to baseline, men receiving alendronate showed a significant 4.4% gain in BMD at the lumbar
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spine (P =.009) and a 2.95% gain in total hip BMD (P =.027). A 47% decline in serum levels of
bone-specific alkaline phosphatase activity was also noted with alendronate therapy (P = .003).
Changes in BMD in the male population were similar to previously reported effects of alendronate
therapy in postmenopausal women with PHPT.

Conclusion—Alendronate therapy in men with PHPT is associated with improvements in BMD
and reductions in bone turnover. These data, similar to the findings in postmenopausal women
with PHPT, suggest that aminobisphosphonates may be of value in providing skeletal protection
for men with PHPT. Further study is needed to confirm skeletal protection and fracture efficacy in
this population.

INTRODUCTION

Primary hyperparathyroidism (PHPT) affects approximately 1 in 400 to 1 in 1,000
individuals, with a female-to- male ratio of approximately 3 to 1 (1-3). The mean age at
presentation is between 50 and 60 years (1). Although PHPT formerly was a disorder
associated with overt target organ involvement, such as osteitis fibrosa cystica or renal
stones, approximately 80% of patients with PHPT are currently asymptomatic at the time of
presentation (4). Although parathyroidectomy is always a suitable option for patients with
asymptomatic disease if no medical contraindications exist, a subset of such patients has
been shown to have a stable condition for up to 15 years (5). The recently revised
recommendations for parathyroidectomy in asymptomatic patients define this population
further and suggest parathyroidectomy for those with osteoporosis (T-score of —2.5 or less at
the hip, spine, or one-third distal radial site) (5), hypercalcemia >1 mg/dL (>0.25 mmol/L)
above normal, creatinine clearance below 60 mL/min, or age <50 years (6).

Among those patients who do not meet guidelines for surgical treatment, approximately
35% will demonstrate evidence of progressive disease during a 15-year period (5). Recently,
there have been attempts to manage PHPT medically, including with use of raloxifene (7),
cinacalcet (8,9) (a calcimimetic), and bisphosphonates—namely, alendronate (10-12). We
have published the results of a double-blind, randomized, crossover trial of alendronate, 10
mg daily for 1 year, in patients with PHPT (10). Alendronate was found to increase bone
mineral density (BMD) significantly at 12 months relative to baseline values (10). That
study sample included 28 women (4 premenopausal and 24 postmenopausal [PMP]) and 9
men. The purpose of the current report is to present the results of a subgroup analysis,
examining the skeletal effects of alendronate in the 9 men included in our original study. We
have undertaken this analysis because of the limited information available on the treatment
of men with metabolic bone diseases in general and PHPT in particular. The primary
hypotheses are that a similar protective effect of alendronate in PHPT will be observed in
men as in PMP women and that men receiving alendronate will demonstrate an increased
BMD in comparison with men given placebo.
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PATIENTS AND METHODS

Study Cohort

Methodologic details of the original study have been published elsewhere (10). Briefly, the
multicenter study involved 3 investigative sites—McMaster University (Hamilton, Ontario),
Columbia University (New York, New York), and the University of Hong Kong (Hong
Kong, China). Across the 3 centers, 44 patients with confirmed PHPT were enrolled, and 37
patients (28 female; 9 male) completed the study. All study participants met a priori
inclusion criteria: confirmed hypercalcemia and elevated levels of parathyroid hormone
(PTH) by immunoradiometric assay on 3 separate occasions as well as reduced bone density
(T-score of less than —1.0) at one or more skeletal sites (lumbar spine, hip, or distal radius).
Patients with a T-score of less than —3.5 were advised to undergo surgical treatment, but
they were included if they declined that advice and still wished to participate in the study.
Otherwise eligible patients were excluded from analysis if they met any guideline for
surgical treatment as established by the 2002 National Institutes of Health consensus
guidelines on PHPT: were taking concomitant antiresorptive therapy; were premenopausal
women who still planned a future pregnancy or who were not using effective birth control
(or both); had any other metabolic bone disease; had used hormone replacement therapy for
less than 2 years; had impaired renal function, as defined by a serum creatinine level of more
than 177 umol/L (2 mg/dL); had familial hypocalciuric hypercalcemia; reported a history of
allergy or intolerance to bisphosphonates; reported active upper gastrointestinal symptoms;
or had severe PHPT and a serum calcium concentration of greater than 3.12 mmol/L (12.5
mg/dL). Patients were advised of the benefits of parathyroidectomy, and those wishing to
proceed with surgical treatment were able to do so.

Study Protocol

Patients were assigned to 1 of 2 treatment groups by means of random-number tables. The
active treatment group received 10 mg of alendronate daily for 1 year. Control subjects
received a placebo tablet, identical in appearance and in taste to the alendronate-containing
tablet. After 1 year, the placebo group was switched to active drug, and the active drug was
continued for a second year in those who had received alendronate initially. Allocation
during the first year remained blinded from the beginning until the end of the 2-year trial
period. Data on BMD were not blinded. Moderate calcium intake was recommended, along
with adequate hydration and ambulation. Patients did not receive additional supplemental
calcium or vitamin D. Stratification was by sex, ensuring a roughly equal number of men
and women with PHPT in the year 1 treatment and placebo arms.

Total and ionized serum calcium, phosphorus, PTH, 25-hydroxyvitamin D [25(0OH)D], 1,25-
dihydroxyvitamin D [1,25(0OH)2D], and bone-specific alkaline phosphatase (BSAP) activity
were measured every 3 months. The 24-hour urine calcium and morning urine N-terminal
telopeptide of cross-linked collagen type | (NTX) levels also were measured every 3
months. A central laboratory at Mt. Sinai Hospital (Toronto, Ontario, Canada) measured
PTH, 25(0OH)D, 1,25(0H)2D, BSAP activity, and urinary NTX. Dual-energy x-ray
absorptiometry assessments with use of the Hologic QDR 4500 bone densitometer system
(Hologic, Inc., Bedford, Massachusetts) were performed at the L1-L4 lumbar spine
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(posteroanterior projection), total hip, femoral neck, and one-third distal radial sites every 6
months. The precision of the densitometers at the 3 investigative sites was similar; the
precision results for the lumbar spine, total hip, and one-third distal radius were as follows:
1.3%, 1.5%, and 1.7% (Canada); 0.7%, 1.3%, and 0.6% (United States); and 1.2%, 1.8%,
and 1.6% (China), respectively. T-scores were calculated on the basis of sex-specific
referent databases. Patients were seen at 3-month intervals for 2 years at all investigative
sites. Primary end points were BMD, bone markers, and serum calcium. In addition, patients
were monitored for adverse effects to study drug as well as for fractures. Any reported
fracture was confirmed radiographically. Screening radiographs to detect subclinical
vertebral compression fractures were not done.

Before initiation of the study, the protocol had been approved by each local institutional
review board. Informed consent was obtained from each patient before participation in the
study.

All values reported in the “Results” section are in the following format: percent change +
standard error; P value.

Statistical Analysis

For the purposes of comparing alendronate year 1 treatment differences by sex, active
treatment and control treatment groups were combined as follows. First-year data on the 3
men and 12 PMP women in the active treatment group (who received alendronate during the
first year of the study) were combined with second-year data on the 6 men and 12 PMP
women from the control group (who received alendronate during the second year of the
study). Thus, a group was formed of 9 treated men and 24 PMP women who had received
alendronate for a 1-year period.

Change in BMD over the first year of treatment was established as the primary outcome
variable for the lumbar spine, total hip, and distal radius. Paired t tests were used to detect
differences in BMD within the male and the PMP female groups. In similar fashion,
biochemical serum analyses [BSAP, NTX, serum PTH, 25(OH)D, 1,25(0H)2D, total
calcium, urinary calcium, ionized calcium, and phosphate] were also compared. For
comparison of BMD and biochemical serum changes over 1 year during alendronate
therapy, we used unpaired t tests to compare therapeutic effect differences between men and
PMP women.

We also performed subgroup analyses on the 6 control group men who received placebo
during year 1 and alendronate during year 2. Paired t tests were used to compare the
differences between year 1 change scores while receiving placebo with year 2 change scores
while receiving alendronate therapy.

Because these were secondary analyses with limited data available, no corrections were
made to account for multiple comparisons to maximize the opportunity to detect differences.
All statistical analyses were conducted by using SPSS software version 15.0 for Windows
(SPSS, Inc., Chicago, Illinois), 2-tailed tests, and P<.05 as the threshold for statistical
significance.
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RESULTS

Demographic and Baseline Characteristics

Demographic characteristics (ethnicity and age) were similar between the male and PMP
female groups. Ethnically, both the male and PMP female groups had similar proportions of
white (male, 56%; PMP female, 50%) and Chinese (male, 44%; PMP female, 42%) patients.
The PMP female group also included African American patients (male, 0%; PMP female,
16%). Baseline age was also similar between the male and PMP female groups. The mean
age was 67.7 years for the men and 69.7 years for the PMP women (P = .55). The baseline
and 12-month characteristics for the 9 men and 24 PMP women who received alendronate
for 1 year are presented in Table 1. There were no clinically meaningful differences at
baseline between the 2 groups, other than the distal radius BMD being lower among the
PMP women than among the men (0.500 g/cm? versus 0.625 g/cm?, respectively; P = .004).

Treatment Effects

Relative to baseline values, men receiving alendronate for 12 months had a clinically and
statistically significant increase in BMD at both the lumbar spine (+4.4% % 1.27%; P = .009)
and the total hip (+2.95% % 1.09%; P = .027). An increase (2.13% + 1.49%; P =.19) in
BMD was measured at the distal radius. In comparison with baseline, men receiving
alendronate for 1 year had a decline in BSAP (-46.6% * 9.57%; P = .003) and a decrease in
serum phosphate values (-11.6% * 5.01%; P = .05). Urinary NTX (-60.6% % 27.7%; P = .
07) and total calcium levels tended to decline also (=3.4% + 1.59%; P = .07). Increases for
25(0OH)D (+19.7% + 9.59%; P = .086), 1,25(0H)2D (+22.2% + 12.33%; P = .122), and
PTH levels (+35.1% + 15.36%; P = .062) all approached statistical significance. A complete
summary of results is shown in Table 1.

Men who received placebo exhibited no differences or trends in BMD or any of the
biochemical markers of bone turnover.

Paired Comparison (Placebo Versus Alendronate)

The paired comparison of the 6 control group men who received placebo during year 1 and
alendronate during year 2 is displayed in Table 2. Among those male patients who received
placebo for 1 year, BMD essentially remained unchanged at the lumbar spine (-0.36%),
total hip (—0.09%), and distal radius (-1.24%). In comparison with the year 1 differences
while placebo was given, men who received alendronate during year 2 had clinical increases
in BMD that were statistically insignificant for the lumbar spine (+4.4% versus —0.4%; P = .
099), as well as at the total hip (+1.95% versus —0.1%; P = .45) and the distal radius (+1.4%
versus —1.2%; P = .28) (Fig. 1). Other alendronate versus placebo differences for men
included a statistically significant decline in BSAP (-52.0% versus 23.5%; P = .037).
Furthermore, decreases in serum phosphate (—15.19% versus 9.18%; P = .054) and ionized
calcium (-=7.02% versus 5.45%; P = .087) and increases for both 25(OH)D (20.13% versus
1.17%; P = .099) and 1,25(0OH)2D (27.59% versus —7.62%; P = .068) all approached
statistical significance.

Endocr Pract. Author manuscript; available in PMC 2015 March 12.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khan et al. Page 6

Comparison of Alendronate Treatment Effects Between Men and PMP Women

The increases in BMD at the lumbar spine for men (4.41% + 1.27%; P = .009) and for PMP
women (4.54% * 1.61%; P<.001) as well as at the total hip for men (2.95% + 1.09%; P =.
027) and for PMP women (3.04% =+ 1.42%; P<.001) were almost identical and were not
statistically different between the treated men and women (Table 1). Interestingly, men had
a BMD change that was 1.95% greater than that for the PMP female group at the distal
radius (for men: 2.13% = 1.49%; P = .194; for PMP women: 0.18% = 1.40%; P = .727), and
this difference approached statistical significance (P =.089). In response to alendronate
therapy, the serum PTH level increased in men (35.1%) whereas it declined in women
(-9.4%), an absolute percentage difference of 44.5% (for men: 35.1% + 15.4%; P = .062;
for PMP women: —9.4% + 18.75%; P = .285). There was also a relatively large difference in
1,25(0OH)2D values between men (+22.2% + 12.3%; P = .122) and PMP women (-5.8% +
14.4%; P = .430). This difference also approached statistical significance (P =.059). The
overall comparison is presented in Table 1 and Figure 2.

DISCUSSION

We have previously demonstrated the densitometric benefits of alendronate in PHPT among
PMP women and in a combined sample of men and women (10). In the current report, we
demonstrate, for the first time, a beneficial densitometric effect of alendronate in men with
PHPT when they are considered separate from women. Improvements were evident in BMD
at both the lumbar spine and the total hip skeletal sites. This pattern was similar to previous
observations in the original study sample of 37 subjects, among whom those receiving
alendronate experienced the largest increases in BMD in the lumbar spine (4.9%) and total
hip (4.0%), versus a smaller significant increase in the femoral neck (2.1%) and no
significant increase in the radius (10).

Because of the crossover design, paired analysis was feasible. Statistically significant
differences in BMD versus baseline were evident for the lumbar spine and total hip in the
active treatment (alendronate) group. When the treatment group was compared with the
placebo group, there was a clinically significant larger increase in BMD in the alendronate

group.

In the current study, we observed an increase in PTH levels in men (in comparison with the
relatively stable values seen in women), which approached statistical significance. It is
possible that this result was attributable to the lower mean baseline 25(OH)D level in men at
40.57 nmol/L in comparison with the value of 48.67 nmol/L noted in the PMP women. The
lower vitamin D level could have contributed to secondary increases in PTH after initiation
of bisphosphonate therapy. The importance of maintaining vitamin D levels close to the
reference range was recognized at the Third International Workshop on Asymptomatic
PHPT, at which time it was recommended that vitamin D levels be maintained at or above
50 nmol/L in those patients with PHPT (6,13,14).

In addition to our previous study, other groups have demonstrated a beneficial effect of
alendronate in PHPT (11,12,15) (Table 3), but none has included sufficient men and
completed a randomized controlled trial evaluating the effects of alendronate in comparison
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with placebo. Hassani et al (11) conducted an open-label, nonrandomized, observational
study involving 45 patients, 19 of whom received alendronate in comparison with 26
patients who were part of the control group. Those patients receiving alendronate
experienced a 3.4% gain in lumbar spine BMD and a 3.1% gain in femoral neck BMD. The
difference between the patients who took alendronate and those who did not (there was no
placebo control) was about 4.8% in the lumbar spine and 3.9% at the femoral neck, which is
similar to our results. There was no significant change at the radius among the 8 patients
who had measurements at that site.

Rossini et al (12) demonstrated statistically significant increases (mean x SD) over 2 years
in BMD at the lumbar spine (+8.6% + 3.0%), total hip (+4.8% + 3.9%), and total body
(+1.2% % 1.4%) when alendronate was administered to 26 patients with mild PHPT,
between the ages of 67 and 81 years, in doses of 10 mg given on alternate days. Similarly,
Parker et al (15) reported gains in BMD of between 3.1% and 7.3% after 2 years of
alendronate treatment (10 mg daily) in 27 female and 5 male patients with PHPT.
Nonsignificant trends toward improvement at the femoral neck, total hip, and midradius also
were noted. The results of a randomized controlled trial of alendronate (10 mg daily) versus
placebo during a period of 48 weeks in 40 PMP women (mean age, 70 years) were reported
by Chow et al (16), in which active treatment was associated with statistically significant
increases in BMD at the lumbar spine (3.8% to 4.0%) and femoral neck (4.2% to 6.0%).
Again, however, no significant change in BMD was observed involving the distal third of
the radius. Although the design of these studies differs from ours, all generally report results
that are consistent with our findings in both our total sample (10) and the current male
subgroup. The current analysis is the first published study to devote itself specifically to
evaluation of the effects in men with PHPT.

Men have been the subject of far fewer studies evaluating skeletal health in comparison with
women. In fact, the published data assessing etiologic factors, incidence, and treatment of
osteoporosis in men are disproportionately lower than can be justified on the basis of what is
known regarding the incidence of osteoporosis in men. This sex bias favoring studies in
women has extended to studies of bisphosphonates in men with osteoporosis. The numbers
of men in the studies evaluating the bisphosphonates alendronate, risedronate, and
zoledronate are in the hundreds in comparison with the tens of thousands of women who
have been studied with these agents. Moreover, this aforementioned sex bias continues in
the application of these agents to subgroups of subjects. For example, alendronate has been
studied in African American women but not in African American men. Similarly, studies
with alendronate in PHPT have been rather predominantly weighted toward women. Our
work has facilitated, for the first time, a subgroup analysis of data that provides insight into
the potential efficacy of alendronate in men with PHPT.

Limitations of the current analysis include the relatively small number of men receiving
active treatment and placebo. We did not correct for the multiple t tests performed; thus, a
possibility exists that we may have committed one or more type | errors—that is, accepted
the alternative hypothesis that a statistically significant difference exists between the sample
and true population means, when in fact there is no difference. Additionally, although a
priori hypotheses for this post hoc analysis were created, the fact that this was a post hoc
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analysis increases the chance of type | errors. For some of the test P values, the degree of
significance is robust enough to have confidence in the results. Nevertheless, there are some
results with significance levels approaching the .05 threshold, and these should be
interpreted with caution. Furthermore, many of the t test P values were between .05 and .10.
Because of the small sample size, it is possible that we have committed type Il errors—that
is, accepted the null hypothesis (that there is no difference) when in fact differences existed.
To account for this possibility, we have highlighted differences in the “Results” section for
results with t test P values between .05 and .1. Another limitation of this study is the fact
that we do not have the fracture data to confirm the skeletal protective effects of
alendronate.

CONCLUSION

This study is the first to document a positive effect of alendronate therapy on BMD in men
with PHPT. In the aggregate, it adds to our body of knowledge regarding the value of
aminobisphosphonates in lowering bone turnover and improving BMD in men with PHPT.
The effect on bone turnover and BMD has not been associated with any influence on serum
calcium or PTH levels. Currently, no fracture data with bisphosphonate therapy are
available; therefore, further studies are needed.

Other pharmacologic options have been studied in PHPT and include cinacalcet, which has
been noted to lower serum calcium and PTH levels in patients with PHPT. Cinacalcet,
however, has not been shown to improve BMD or lower biochemical markers of bone
turnover (17) and also requires additional study with respect to fracture efficacy in PHPT.

Pharmacologic therapies may be of value in the medical management of asymptomatic
PHPT. Nevertheless, further studies are needed before these agents can be recommended as
alternative options to surgical treatment. In those patients who are unable or unwilling to
proceed with parathyroidectomy or those who pose increased operative risks, these medical
options may be considered with close follow-up (18).
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PHPT primary hyperparathyroidism
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Fig. 1.

Percentage change in bone mineral density (BMD) at 3 anatomic sites in men receiving
placebo in comparison with men receiving alendronate (“active treatment”).
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Page 12

Percentage change in bone mineral density (BMD) at 3 anatomic sites after alendronate

treatment in men in comparison with in postmenopausal (PMP) women.
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Table 2

Paired Comparison of Control Group Men (n = 6)
During Year 1 While Receiving Placebo With Alendronate Treatment in Year 2 Change?

Page 14

Year 1 change (T1,-Tp): %

Year 2 change (Ty4-T1p): %0

Absolute difference (year,—year;)

Factor (value) (value) % (value) P value
Bone mineral density

Lumbar spine (g/cm?) -0.36 (-0.003) 4.41 (0.037) 4.77 (0.04) .099

Total hip (g/cm?) -0.09 (-0.001) 1.95 (0.015) 2.04 (0.02) 446

Distal radius (g/cm?) -1.24 (-0.008) 1.38 (0.009) 2.62 (0.02) .281
Bone-specific alkaline phosphatase 23.46 (6.333) -52.00 (-17.333) —75.46 (-23.67) .037
(Hg/L)
NTX (BCE nmol/mmol creatinine) -34.88 (-26.567) -56.45 (~28.000) -21.57 (-1.43) 938
Serum parathyroid hormone (pmol/L) -30.16 (-5.363) 51.37 (6.380) 81.53 (11.74) 311
1,25(0H)2D (pmol/L) ~7.62 (-10.867) 27.59 (36.367) 35.21 (47.23) .068
25(0H)D (nmol/L) 1.17 (0.533) 20.13 (9.300) 18.96 (8.77) .099
Urinary calcium (mmol/d) -5.53 (-0.271) -23.60 (-1.092) -18.07 (-0.82) 449
Total calcium (mmol/L) 1.88 (0.049) -3.97 (-0.106) -5.85 (-0.15) 113
lonized calcium (mmol/L) 5.45 (0.070) -7.02 (-0.095) -12.47 (-0.17) .087
Phosphate (mmol/L) 9.18 (0.095) -15.19 (-0.172) -24.37 (-0.27) .054

aBCE = bone collagen equivalents; NTX = N-terminal telopeptide of cross-linked collagen type I; 1,25(0OH)2D = 1,25-dihydroxyvitamin D;

25(0OH)D = 25-hydroxyvitamin D.
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