JOURNAL OF BONE AND MINERAL RESEARCH
Volume 16, Number 1, 2001
© 2001 American Society for Bone and Mineral Research
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ABSTRACT

In a large proportion of the patients with primary hyperparathyroidism (PHPT), a variable degree of
osteopenia is the only relevant manifestation of the disease. Low bone mineral density (BMD) in patients with
PHPT is an indication for surgical intervention because successful parathyroidectomy results in a dramatic
increase in BMD. However, low BMD values are almost an invariable finding in elderly women with PHPT,
who are often either unwilling or considered unfit for surgery. Bisphosphonates are capable of suppressing
parathyroid hormone (PTH)—mediated bone resorption and are useful for the prevention and treatment of
postmenopausal osteoporosis. In this pilot-controlled study, we investigated the effects of oral treatment with
alendronate on BMD and biochemical markers of calcium and bone metabolism in elderly women presenting
osteoporosis and mild PHPT. Twenty-six elderly patients aged 67—81 years were randomized for treatment
with either oral 10 mg alendronate on alternate-day treatment or no treatment for 2 years. In the control
untreated patients a slight significant decrease was observed for total body and femoral neck BMD, without
significant changes in biochemical markers of calcium and bone metabolism during the 2 years of observation.
Urine deoxypyridinoline (Dpyr) excretion significantly fell within the first month of treatment with alendro-
nate, while serum markers of bone formation alkaline phosphatase and osteocalcin fell more gradually and the
decrease became significant only after 3 months of treatment; thereafter all bone turnover markers remained
consistently suppressed during alendronate treatment. After 2 years in this group we observed statistically
significant increases in BMD at lumbar spine, total hip, and total body 8.6 = 3.0%, +4.8 = 3.9%, and
+1.2 + 1.4% changes vs. baseline meatr SD) versus both baseline and control patients. Serum calcium,
serum phosphate, and urinary calcium excretion significantly decreased during the first 3—6 months but rose
back to the baseline values afterward. Increase in serum PTH level was statistically significant during the first
year of treatment. These preliminary results may make alendronate a candidate as a supportive therapy in
patients with mild PHPT who are unwilling or are unsuitable for surgery, and for whom osteoporosis is a
reason of concern. (J Bone Miner Res 2001;16:113-119)
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INTRODUCTION vestigators have reported an increased risk for osteoporotic
fractures™® Successful parathyroidectomy results in dra-
N POSTMENOPAUSALWOMEN osteoporosis and primary hy-matic increases in both lumbar spine and femoral neck bone
Iperparathyroidism (PHPT) are two common disordersaineral density (BMD)f*~® These recent findings tend to
PHPT is associated with cortical osteopenia and some ioroaden the indications for surgery, and low BMD, in
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TABLE 1. BASELINE CLINICAL CHARACTERISTICS AND BMDs IN THE Two PROSPECTIVEGROUPS AND IN THE RETROSPECTIVE

SURGICALLY TREATED PATIENTS (MEAN AND SD)

Alendronate group

Control group

Surgical group

Characteristics (n = 13) (n=13) (n = 13)
Age (years) 72 (5) 74 (4) 61 (4)
Time since menopause (years) 23 (7) 24 (8) 13 (6)
Body mass index (kg/f) 24.7 (3.5) 23.8(3.2) 23.9 (2.6)

BMDs
Femoral neck (g/cR)

0.577 (0.057)

0.554 (0.038)

T score femoral neck (SD) —3.2(0.6) -3.5(0.4)
Z score femoral neck (SD) —0.7 (0.6) —0.8(0.5)
Trochanter (g/crf) 0.459 (0.062) 0.440 (0.071)
Ward triangle (g/crf) 0.390 (0.076) 0.377 (0.106)
Total hip (g/cnf) 0.607 (0.069) 0.566 (0.078)

Lumbar spine (g/cr)
Total body (g/cm)

0.700 (0.090)
0.820 (0.062)

0.728 (0.070)
0.815 (0.098)

0.738 (0.093)

patients with otherwise asymptomatic PHPT, has become cardiovascular problems. Baseline characteristics and
an indication for surgical interventidh® Low BMD values BMDs are shown in Table 1. Exclusion criteria were con-
are almost invariably found in elderly women with PHPTcurrent systemic illness, thyroid disease, hepatic or renal
and in a large proportion of them osteopenia is the onljysfunction (serum creatinine1.9 mg/dl), and other dis-
relevant manifestation of the disease. However, a largeders known to influence bone mass. The patients with
proportion of these patients with mild PHPT have compleactive gastroduodenal ulcer or disturbances in the esopha-
medical problems and are either unwilling or consideregeal transit also were excluded as advised by the alendro-
unfit for parathyroid surgery. This makes a medical ampate warning label. No patient had received estrogens,
proach oriented at the recovery and conservation of bob&sphosphonates, or other drugs interfering with bone or
mass somewhat attractive. Hormone-replacement therapineral metabolism for the last 18 months. The patients
(HRT) significantly increases BMD and reduces urinaryere randomized for treatment with either 10 mg of alen-
calcium excretion and bone turnover in postmenopausdionate taken orally on alternate days (alendronate group)
women with mild PHPT2-*®However, in elderly patients or no treatment (control group). In the original protocol, the
HRT is associated with problems of compliance or everhosen dose was 5 mg/day but this formulation was with-
safety. drawn from the ltalian market and substituted with the
Bisphosphonates are capable of suppressing parathyro®@mg formulation exactly when we initiated the study. All
hormone (PTH)—mediated bone resorption in hyperparathyatients were maintained on a controlled diet with a calcium
roidism and can be used as an adjunct for the acute medigabke of 800-1200 mg/day.
control of severe hypercalcentf€-2> Moreover, bisphos During the recruitment of the 26 patients for the treatment
phonates are useful for the prevention and treatment wfal, 13 additional PHPT patients came under our observa-
postmenopausal osteoporosis and, recently, it has bem. They were comparable to the patients recruited for the
shown that oral alendronét&—= and risedronaté” have study for severity of disease but were somewhat younger
the capacity to reduce the incidence of osteoporotic fra1l + 4 years) and had the parathyroid tumor surgically
tures. removed (Table 1 and 2). In this group of patients the spine
In this study we investigate the effects of oral treatmem®BMD was obtained before and 12 months after surgery.
with alendronate on BMD and biochemical markers of The overall 39 patients were recruited within 12 months
calcium and bone metabolism in elderly women presenting the three centers equipped with either QDR1000 or -2000
osteoporosis and mild PHPT. (Hologic, Inc., Waltham, MA, USA). Each patient had the
entire follow-up done in the same center. Informed consent
was obtained from all the patients and the study was ap-

MATERIALS AND METHODS proved by a local ethics committee.

Patients

Twenty-six elderly women aged 67—81 years presentir@linical evaluation
osteoporosis (defined as a lumbar and/or femoral neck BMD
over 2.5 SD below the young normal reference range) andLateral spine radiography was obtained at study entry,
mild PHPT, as defined by the Consensus Developmeatd 3 patients (1 in the control group and 2 in the alendro-
Conference on the management of PHEPTwere enrolled nate group) with severe osteoarthritis and scoliosis were
in three centers of northern Italy. All patients were unwillexcluded from subsequent spine density analysis. None of
ing or considered unfit for surgery because of advanced atpe patients had radiological evidence of thoracic or lumbar
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TABLE 2. BASELINE BlocHEMICAL VALUES (MEAN AND SD) IN THE TwO PROSPECTIVEGROUPS AND IN THE
RETROSPECTIVESURGICALLY TREATED PATIENTS

Reference Alendronate Control Surgical
Parameters range group group group

s-Calciuni (mg/dl) 8.4-10.4 11.0 (0.4) 10.9 (0.3) 11.1 (0.5)
s-Phosphate (mg/dl) 2.6-4.6 2.9 (0.6) 2.6 (0.5) 2.6 (0.5)
s-PTH (pg/ml) 10-65 144 (52) 155 (28) 150 (66)
s-Bone-alkaline phosphatase (U/liter) 10-35 42 (12) 43 (9) 45 (9)
s-Osteocalcin (nmoll/liter) 0.6-2.5 4.1(1.3) 3.6 (1.6) 3.7(1.2)
u-Calcium/creatinine (mmol/mmol) 0.06-0.54 0.59 (0.24) 0.60 (0.19) 0.64 (0.11)
u-D-Pyridinoline/creatinine (nmol/mmol) 3.0-8.0 9.8 (3.6) 11.2 (3.3) 10.1 (2.3)

aSerum calcium levels were adjusted for albumin levels.

vertebral fracture and/or variant femur anatomy that couldles 1 and 2). The patients who underwent successful par-
affect the accuracy of bone density evaluation. athyroidectomy were significantly younger (mean age;61
Fasting blood samples were obtained at entry and after4l,years; data not shown) than the patients in the other
3, 6, 12, and 24 months for measurement of serum calciugroups. All patients completed the first 6 months of follow-
phosphate, creatinine (standard multichannel autoanalyg. Three patients in the alendronate group dropped out
ers), and bone alkaline phosphatase (precipitation proceddging the first year either for gastric intolerance to the drug
with wheat-germ lectin; Boehringer Mannheim, Ingelheimgr for the discovery of breast cancer or for the necessity to
Germany). Serum calcium was corrected for albumin cointroduce diuretic therapy. One patient of the control group
centration. Urine samples also were obtained at the sangs lost to follow-up during the second year for “in situ”
time points for the determination of calcium and creatiningndometrial cancer. In Table 3 the percent changes from
(standard multichannel autoanalyzers). Aliquots of serugaseline in biochemical parameters (measD) during the
and urine were kept at-80°C until analyzed for serum stydy are shown. Serum calcium, serum phosphate, and
osteocalcin (radioimmunoassay [RIA] kit; Incstar Corp.yrinary calcium excretion remained fairly stable in the con-
Stillwater, MN, USA), intact PTH (Diagnostic Systemstro| group. In the alendronate-treated patients the biochem-
Laboratories, Nichols, CA, USA), and free deoxypyridinoica variables significantly decreased during the first 3—-6
line (Dpyr)/creatinine ratio (Metra Biosystems, Nicholsyonths but rose back to the baseline values afterward. The
CA, USA). . decreases in serum calcium were associated with increases
BMD was measured using dual-energy X-ray absorptiy serym PTH levels, which remained significantly in-
ometry (DXA; QDR1000 or -2000). Scans of whole bodyeeased over baseline during the first year of treatment. The
lumbar spine (vertebrae L2-L4), and proximal femur subqean percent changes from baseline in biochemical markers
regions were obtained every 6 months and were analyzgg,,ne tyrnover are shown in Fig. 1. Urine Dpyr excretion
using the manufacturer's software. In our laboratories, e igieantly fell within the first month of treatment in the
precision of these m%asurements of BMD are 0'400/0 f%rlendronate group and remained suppressed at all times
:22 ;g?glr);dgégkgz_ %f)z/ogizrf?reugr\]/\?:: dsﬁlgﬁglleszl(iif;? Iati_ve to baseline. The serum mark_ers of bone formation
for the trochante,r ;and 1 1-1.29% for the total hi|,o : “"4lkaline phosphatase and c_>stt_e_oca|cm fell more gradually
’ B : and the decrease became significant after 3 months of treat-
ment.
Statistical methods The BMD percent changes at all relevant skeletal sites in

The significance of the percent changes in biochemicme two groups are shown in Fig. 2. A signi.ficant. incrgase
parameters and in BMD from baseline was evaluated BgTSUS baseline was observed at all studied sites in the
Student'st-test for paired observation. The comparison dpatients on alendronate. The changes already were statisti-
the changes between treated and control patients was e¢ally significant within the first 6 months of treatment in the
uated by analysis of variance (ANOVA) for repeated mealf@becular” sites (lumbar spine, trochanter, and Ward's
sures and then by Studentiest for unpaired observation. triangle). A significant positive correlation was found be-

Correlation was carried out using Spearman rank correlati§#een the changes in total body BMD at the first year and
(SPSS 8.0; SPSS, Inc., Chicago, IL, USA). both baseline bone alkaline phosphatase and serum osteo-

calcin levels (correlation coefficients 0.84 and 0.64, respec-
tively; p < 0.05, data not shown) in alendronate-treated

RESULTS patients. During the second year of treatment, a continuous

trend to increase was observed at all skeletal sites. In the

At study entry, the patients’ clinical characteristicsyntreated patients BMD decreased at most skeletal sites but
BMDs, and biochemical values did not differ significantlythe changes were statistically significant only for total body
between the two groups that had a medical follow-up (Tand femoral neck after 2 years of observation. A significant
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dose of alendronate is comparable with that observed after
estrogen-replacement therdp§-*®Bone density increases

are somewhat more superior than those obtained with an
equivalent dose (5 mg/day) of alendronate in osteoporotic
patients?6-283239 and this might be related to the-in

creased bone turnover of PHPT patients, which is known to
be related to the densitometric increases during treatment
with inhibitors of bone resorptiofi*>® In fact, the bone

turnover markers were above the normal range in 45—62%
of the patients. This hypothesis also is supported by the
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surgical treatment of PHPT patierf$s.In our study the
surgically treated patients were younger then those treated
o x  with alendronate, but even though they were not matched by
design, the severity of bone involvement and baseline bone
markers were similar and the order of BMD changes at
trabecular sites in the alendronate-treated patients are sim-
' lar to those consequent to the surgical correction of PHPT,
as observed in this and in other stud®s) The increases in
femoral neck BMD after 2 years of alendronate therapy are
lower than those £6%) observed by Silverberg et @.
Time (months) Time (months) after parathyroidectomy but similar to those reported in
_ _ other studie&®®
FIG. 2. Percentchanges in BMD at the lumbar spine, total tp¢ jinical relevance of the bone mass changes observed
body, and hip sites in the control (dotted line) anqit aendronate therapy is uncertain and it is unknown
alendronate-treated (continuous line) primary hyperparathyinether changes of this magnitude would be of clinical
roid patients. The significance ( 0.05) of the differences jinqrtance for later fracture risk. Our study is far from
also is showne, versus baselines, between groups. being powered to detect changes in fracture rate and the risk
of fracture in these patients with mild PHPT is still
disputed~3:36-40
clinical vertebral or nonvertebral fracture during the period Alendronate therapy rapidly decreased the biochemical
of observation. marker of bone resorption. The nadir was achieved by the
sixth month and a 50% decrease has maintained all through-
out the treatment period. The markers of bone formation
DISCUSSION decreased at a slower rate with a nadir around the twelfth
month of alendronate therapy. The uncoupling between the
We found that in patients with mild PHPT, the treatmentarkers of bone resorption and bone formation, particularly
with low oral doses of alendronate (10 mg on alternativeithin the first 3 months, most likely was associated with
days) was able to increase BMD at all the skeletal sitéstense positive bone balance, which explains the transient
explored, independent of the structural prevalence of corfall in serum calcium and urinary calcium excretion and the
cal or trabecular bone tissue. The 5-mg daily dose initialyansient significant increase in serum PTH. The biochem-
was chosen because this was the only dose recommended changes observed here are similar to those we obtained
for the treatment of postmenopausal osteoporosis in Italyiatan early study with oral clodronate in mild PHPT pa-
the time when the study was submitted to the Ethical Contient$®® and resemble those occurring after parathyroidec
mittee and it is the daily dose recommended now for ostetmmy. It is then confirmed that at least in patients with mild
porosis prevention in United States. The assumption that PHHPT the serum calcium-PTH feedback is preserved and
mg alendronate on alternate days are equipotent to 5 mg/dagt the decrease in serum calcium is transient and of little
made when the 5 mg of alendronate was withdrawn froglinical relevance in these patients in whom hypercalcemia
the Italian market seems acceptable in light of the receist not a major concern. The consequences of the transient
observation that 70 mg once weekly and 10 mg daily afeTH changes on bone metabolism remain uncertain, being
therapeutically equivalent in the treatment of postmengotentially either positive or negative.
pausal osteoporosis? The observed increases in total body In the control patients of this study the biochemical
calcium indicate that the remarkable changes in the momarkers of disease activity remained stable over the period
trabecular sites did not come at the expense of cortical borwé.observation, but the BMD values slowly declined at the
The order of changes we observed with this relatively lowortical sites (femoral neck and total body), and these de-
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creases became significant at the end of the second yeal@f Christiansen P, Steiniche T, Brixen K, Hessov |, Melsen F,
observation. These results are similar to those observed in Heicﬁ?]d?fffbl-a Mfi)sek”d?L 19?% Pfif}:af_y hYDef_palflc’:\tf;ymitd-d
other longitudinal studies including postmenopausal women 'SM: VVhole-body boné mineral aensity in surgically treate
with PHPg'I‘”'ls)but in contrast Wit?] I:())ther pubIFi)shed longi ggzmsh patients: A three-year follow-up study. BA@597-
tudinal data on BMD in untreated PHPT patleﬁ'té? 43)_ 11. Consensus Development National Institutes of Health (NIH)
HOWeVer, at variance with these latter StudleS, our patlents Conference Panel 1991 Diagnosis and management of asymp-
were considerably older and the majority of them had some tomatic hyperparathyroidism: Consensus development confer-
degree of physical disability associated with low physical ence statement. Ann Intern Méd 4:593-597.
activity. 12. Marcus R, Madvig P, Crim M, Pont A, Kosek J 1984 Conju-
; ; gated estrogens in the treatment of postmenopausal women
e e e el i i idan. A e UGDOSSS 543
L phosphata PEICER Marcus R 1991 Estrogens and progestins in the management
decline in total body BMD seems to indicate that the pa- ¢ primary hyperparathyroidism. J Bone Miner R&Suppl
tients with the highest bone turnover were those loosing 1):5125-5129.
more bone. Similar correlation was reported by Guo a#. Selby PL, Peacock M 1986 Ethinyl estradiol and norethin-
al.*® using urinary cross-linked N-terminal telopeptide of drone in the treatment of primary hyperparathyroidism in
In conclusion, the results of this pilot study indicate that®> McDermott MT, Perloff JJ, Kidd GS 1994 Effects of mild
. asymptomatic primary hyperparathyroidism on bone mass in
in pOStmenOpaus_al ‘_N_Omen 1_0 mg of alendronate taken on women with and without estrogen replacement therapy. J Bone
alternate days significantly increases BMD at the most \iner Res9:509-514.
clinically relevant skeletal sites. The order of changes oh6. Diamond T, Ng ATM, Levy S, Magarey C, Smart R 1996
served after 2 years of therapy are very close to those Estrogen replacement may be an alternative to parathyroid
obtained within a few months after surgical correction of the ~ surgery for the treatment of osteoporosis in elderly postmeno-
disease. This result makes alendronate a good candidate ag’@usal women presenting with primary hyperparathyroidism:
a supportive therapy in patients with mild PHPT who are A preliminary report. Osteoporos 16329333,

. . . ..I7. Grey AB, Stapleton JP, Evans MC, Tatnell MA, Reid IR 1996
unwilling or unsuitable for surgery, in whom 0steoporosis iS Effect of hormone replacement therapy on bone mineral den-
a reason of concern.
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