ORIGINAL ARTICLE

Calcimimetics Versus Parathyroidectomy for Treatment of
Primary Hyperparathyroidism

Retrospective Chart Analysis of a Prospective Database
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Objective: This study aims to determine the efficacy of calcimimetics in im-
proving bone mineral density (BMD) in patients with primary hyperparathy-
roidism (pHPT) and compare those results to patients undergoing parathy-
roidectomy.

Background: Parathyroidectomy has been shown to improve BMD in pHPT,
but calcimimetics have recently been advocated as a medical alternative to
parathyroidectomy for pHPT.

Materials and Methods: We identified 17 patients that were treated with cal-
cimimetics for pHPT. Seventeen patients with pHPT who underwent parathy-
roidectomy served as surgical controls. Serum calcium level, parathyroid hor-
mone (PTH) level, and femur and spine BMD T scores were compared before
and 1 year after therapy.

Results: Both groups were demographically matched. Calcium levels normal-
ized in 70.6% of medically versus 100% of surgically treated patients (P =
0.026). PTH levels normalized in 35% of patients treated with calcimimetics
versus 76% of surgical patients (P = 0.036). Femur BMD improved in 18.8%
of medically treated patients versus 58.8% of surgical patients (P = 0.032).
Spine BMD improved in 70.6% of medically treated patients versus 82.4% of
surgical patients (P = 0.69). Further analysis demonstrated that regardless of
treatment, normalization of PTH was associated with significant improvement
in femur (P = 0.03) and spine BMD (P < 0.001). Normalization of calcium
without normalization of PTH did not impact BMD.

Conclusions: Parathyroidectomy results in greater normalization of serum
calcium and PTH levels and significantly improves cortical BMD compared
to calcimimetics. Regardless of treatment, normalization of PTH is associated
with significant improvement in spine and femur BMD, suggesting that the
superior effects of surgery may be mediated by better control of PTH.

(Ann Surg 2012;255:981-985)

P rimary hyperparathyroidism (pHPT) is a common endocrine dis-
ease with a prevalence of 1 to 4 per 1000 inhabitants and a female
to male ratio of 3:1 in the United States.! It is the consequence of a sin-
gle autonomous adenoma of the parathyroid gland in 85% to 90% of
cases and is characterized by hypercalcemia and an unsuppressed
parathyroid hormone (PTH) concentration. Classic symptoms of
pHPT include nephrolithiasis, neuromuscular weakness, fatigability,
impaired cognitive function, and loss of bone mineral density (BMD).
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Parathyroidectomy is recognized as the gold standard for symptomatic
patients and for “asymptomatic” patients meeting either one of'the fol-
lowing NIH Consensus Development Conference criteria: (1) a serum
calcium concentration of more than 1.0 mg/dL above upper limit of
normal, (2) a 24-hour urine calcium excretion of more than 400 mg per
24 hour, (3) a creatinine clearance more than 30% below normal, (4)
age less than 50 years, or (5) a bone density T score less than —2.5
SD at any site.’

Several studies have previously demonstrated that parathy-
roidectomy induces a normalization of serum calcium levels, a de-
crease of PTH levels, and regain of BMD.?~” The greatest reduction in
BMD in patients with pHPT is classically found at the site of cortical
bone, that is, the radius and the femur, whereas cancellous bone, such
as the spine, are usually less affected.” This is thought to be due to a
higher vulnerability of cortical bone to the catabolic effects of PTH.®

Some patients with pHPT do not seek surgical intervention,
because they view the potential complications related to the proce-
dure or the anesthesia as too great relative to the expected benefits.
Current medical therapy for secondary hyperparathyroidism includes
bisphosphonates and more recently, calcimimetics.

Calcimimetic agents act on the calcium-sensing receptors on
parathyroid cells and allosterically modulate it, thereby enhancing its
sensitivity to circulating calcium concentrations and decreasing PTH
secretion.”~!! They have been effective at controlling serum calcium
levels in patients with pHPT,3:'2"! but are currently indicated and
FDA approved only in the setting of secondary hyperparathyroidism
in patients with end-stage renal disease.!® It remains unclear if they
can achieve similar effects to parathyroidectomy in patients with
pHPT and therefore provide a select group of patients with a valuable
alternative to surgery.

In this study, we aimed to determine the efficacy of calcimimet-
ics in improving femur and spine BMD in patients with pHPT com-
pared to those undergoing parathyroidectomy. As an additional end
point, we studied the changes in calcium and PTH levels when com-
paring these 2 groups.

MATERIALS AND METHODS

Patient Selection, Study Design, and Follow-Up

This study is a retrospective review of a prospective database
at a tertiary referral center. Institutional review board approval from
the New York Presbyterian Hospital-Weill Cornell Medical Center
was obtained. A total of 475 patient charts with pHPT treated in the
divisions of endocrine surgery and endocrinology at our institution
between 2000 and 2007 were reviewed. Patients were included in
this study if they had a confirmed biochemical (elevated serum PTH
and serum calcium levels) and radiological (CT, technetium Tc 99m
sestamibi scan, and/or ultrasound of the neck) diagnosis of pHPT
apparently due to a single-gland parathyroid adenoma. All patients
within the parathyroidectomy group and 15 of 17 patients within
the calcimimetic group had 2 concordant localization studies. Two
patients within the calcimimetic group had a sestamibi scan only.

www.annalsofsurgery.com | 981


mailto:raz2002@med.cornell.edu.

Keutgen et al

Annals of Surgery « Volume 255, Number 5, May 2012

Pre- and posttreatment BMD T scores of femur and spine
as well as PTH- and calcium serum levels were obtained pretreat-
ment and at least 1 year after treatment for all study subjects in both
groups. All surgical specimens were examined by an endocrine sur-
gical pathologist. Patients with a diagnosis of parathyroid carcinoma,
concurrent renal disease, or hyperparathyroidism due to causes other
than stated in the inclusion criteria were excluded from this study.
Moreover, patients who underwent surgical intervention and had in-
appropriate normalization of intraoperative PTH or greater than 1
single-gland adenoma were also excluded. All patients treated medi-
cally qualified for surgical intervention but deferred for medical treat-
ment. All medical and surgical patients had correction of deficient
vitamin D levels as part of their treatment.

Treatment

Surgical treatment consisted of resection under local anes-
thesia with sedation. All surgical patients met accepted criteria for
adequate surgical treatment on the basis of the intraoperative PTH
assay. Specifically, a more than 50% drop of the preexcision PTH
level and decline into the normal range at least 10 minutes after the
adenoma was removed was used for assessment of adequate surgical
therapy. All surgically treated patients had serum calcium and PTH
levels measured postoperatively within 2 weeks, then at 6 months and
yearly thereafter.

Patients treated medically were followed by an endocrinologist
and treated with a calcimimetic in combination with bisphosphonates
(Fosamax, Actonel, Zometa, or Aredia), except for 1 patient who
received calcimimetics alone. The dose of calcimimetics was deter-
mined by the treating endocrinologist based on extensive experience
treating patients with secondary hyperparathyroidism. The starting
dose (Sensipar, Amgen Inc) was 30 or 60 mg daily, except for 1 pa-
tient who received a daily starting dose of 15 mg. Serum calcium,
phosphorus, and PTH levels were measured within 1 week after ini-
tiation of therapy and the dose was then titrated to optimize calcium
and PTH levels. Once a maintenance dose was established, serum
calcium and phosphorus were monitored monthly, and serum PTH
levels quarterly.

Normal serum calcium and PTH levels were defined on the
basis of our laboratory criteria as ranging from 8.5 to 10.4 mg/dL and
from 10 to 68 pg/mL, respectively. Osteopenia and osteoporosis were
defined as a BMD T score between —1 and —2.5 SD and more than
—2.5 SD respectively, according to the World Health Organization
standards.

Statistical Analysis

Continuous variables were compared using a 2-tailed ¢ tests.
Paired samples were also analyzed using paired ¢ tests. Categorical
variables were analyzed using the Fisher exact test. Statistical signifi-
cance was defined as P <0.05. All statistical analyses were performed
using the R statistical software (Version 2.10.1, http://www.r-project.
org/).

RESULTS

Seventeen patients treated with calcimimetics for pHPT who
met inclusion criteria were identified and matched with 17 patients
with pHPT who underwent parathyroidectomy. All patients in the cal-
cimimetic group were females. The surgery group comprised 1 man
and 16 women. The mean age difference between these 2 groups was
not statistically significant—71.9 years for the calcimimetic and 67.4
years for the parathyroidectomy group (P = 0.062). Mean follow-up
time was similar between both groups, 775 days in the calcimimetic
group versus 639 days in the parathyroidectomy group (P = 0.336)
(Table 1). All patients in the calcimimetic group were treated medi-
cally for at least 1 year. There were no complications in the surgery
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group (ie, bleeding, infection, or laryngeal nerve injury) or side effects
due to medical treatment in the calcimimetic group. The operative
failure rate was 0%, because all patients within the parathyroidec-
tomy group were normocalcemic at 1 year after surgery.

Treatment efficacy was assessed by comparing pre- and post-
treatment serum calcium and PTH levels as well as spine and femur
BMD T scores. Mean pretreatment serum calcium levels were 10.79
mg/dL and 10.77 mg/dL in the calcimimetic and surgery groups, re-
spectively (P = 0.95). Mean posttreatment serum calcium levels in
the calcimimetic group were 10.14 mg/dL versus 9.48 mg/dL in the
surgery group (P = 0.002) (Table 2). Serum calcium values were
significantly different when comparing pre- and posttreatment values
within the calcimimetic group (P = 0.003) and within the surgery
group (P < 0.001) (Table 3). Normalization of calcium levels oc-
curred in 70.6% (12/17) of medically treated patients and in 100%
(17/17) of surgically treated patients (P = 0.026).

Mean pretreatment serum PTH levels were 115.8 pg/mL and
183.2 pg/mL in the calcimimetic and surgery groups, respectively
(P = 0.086). Mean posttreatment serum PTH levels in the cal-
cimimetic group were 92.8 pg/mL versus 55 pg/mL in the surgery
group (P = 0.04) (Table 2). Serum PTH values were not significantly
different when comparing pre- and posttreatment values within the
calcimimetic group (P = 0.082) but were significantly different within
the surgery group (P = 0.001) (Table 3). Serum PTH levels normal-
ized in 35% (6/17) of patients treated with calcimimetics versus 76%
(14/17) of patients undergoing parathyroidectomy (P = 0.036).

BMD measurements showed that 47% (8/17) of patients within
the calcimimetic group had osteopenia versus 64.7% (11/17) of pa-
tients in the parathyroidectomy group (P = 0.49); 47% (8/17) of
patients in the calcimimetic group had osteoporosis versus 35.3%
(6/17) in the surgery group (P = 0.73).

The mean pretreatment femur BMD T score was —2.25 in
the calcimimetic and —1.82 in the surgery group (P = 0.17). Mean
posttreatment femur BMD T score in the calcimimetic group was
—2.4 versus —1.69 in the surgery group (P = 0.033) (Table 4).

TABLE 1. Patients Demographics and Average Follow-Up
Time

Calcimimetics Surgery P
No. patients 17 17
Age (yrs)* 719 £8.5 67.4 + 6.67 0.062
Sex 0.39
Male 0 1
Female 17 16
Follow-up (d)* 775 £ 512 639 £+ 257 0.34

*Mean =+ SD.

TABLE 2. Pre- and Posttreatment Serum Calcium and PTH
Levels: Calcimimetics Versus Parathyroidectomy

Calcimimetics Surgery P
Calcium (mg/dL)*t
Pretreatment 10.79 + 0.63 10.77 £ 0.44 0.95
Posttreatment 10.14 £ 0.69 9.48 +0.35 0.002
PTH (pg/mL)*
Pretreatment 115.8 £ 85 183.2 + 131 0.086
Posttreatment 92.8 £ 67 55 +£25 0.04
*Mean =+ SD.

tNormal calcium level: 8.5-10.4 mg/dL.
{Normal PTH level: 10-68 pg/mL.
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TABLE 3. Pre- and Posttreatment Values Within the Calcimimetic and Surgery Groups,

Respectively

Calcimimetics Surgery
Parameters Pretreatment  Posttreatment P Pretreatment  Posttreatment P
Calcium (mg/dL)* 10.79 10.14 0.003 10.77 9.48 <0.001
PTH (pg/mL)t 115.8 92.8 0.082 183.2 55 0.001
Femur T scoref —2.25 —24 NI§ —-1.82 —1.69 0.19
Spine T score} -19 —1.45 0.045 —1.94 —-1.6 0.017

*Normal Calcium Level: 8.5-10.4 mg/dL.
TNormal PTH Level 10-68 pg/mL.

fOsteopenia: —1.5 to —2.5, Osteoporosis: >—2.5.
§NI: No improvement in BMD T score.

TABLE 4. Pre- and Posttreatment Mean Femur and Spine
BMD T Scores: Calcimimetics Versus Parathyroidectomy

Calcimimetics Surgery P

Femur T score*t

Pretreatment —225+0.8 —1.82+ 1.0 0.17

Posttreatment —24+£0.6 —1.69 £ 1.1 0.033
Spine T score™}

Pretreatment —-19+12 —1.94+1.1 0.92

Posttreatment —145+ 14 —-1.6£1.3 0.75

*Mean £ SD.

TOsteopenia: —1.5 to —2.5, Osteoporosis: >—2.5.

Although femur BMD T scores were improved when comparing pre-
and posttreatment values within the surgery group, the improvement
was not statistically significant (P = 0.19). Femur BMD T scores
worsened in the calcimimetic group, although not at a statistically
significant level either (P = 0.29) (Table 3). Improvement in femur
BMD T scores was noted in only 18.8% (3/16) of medically treated pa-
tients versus 58.8% (10/17) of patients undergoing parathyroidectomy
(P =0.032).

The mean pretreatment spine BMD T score was —1.90 in the
calcimimetic and —1.94 in the surgery group (P = 0.92). Mean post-
treatment spine BMD T score in the calcimimetic group was —1.45
versus — 1.6 in the surgery group (P = 0.75) (Table 4). Spine BMD
T scores were significantly improved when comparing pre- and post-
treatment values within the calcimimetic group (P = 0.045), and
within the surgery group (P = 0.017) (Table 3). Improvement in
spine BMD T scores was noted in 70.6% (12/17) of medically treated
patients versus 82.4% (14/17) of patients undergoing parathyroidec-
tomy (P = 0.69).

Subgroup analysis aimed to compare femur and spine BMD
T scores with (1) normalization of PTH only, (2) normalization
of calcium only, (3) normalization of PTH plus calcium levels,
and (4) normalization calcium levels without normalization of PTH
(Table 5). When serum PTH levels normalized posttreatment, femur
BMD T scores improved by 11% (P = 0.028) and spine BMD T
scores improved by 22% (P < 0.001). When serum PTH levels did
not normalize posttreatment, femur (P = 0.10) and spine BMD T
scores (P = 0.18) were not significantly affected. In patients with
normalization of serum calcium levels there was a significant im-
provement of spine BMD T scores with an overall increase of 22%
(P = 0.002). However, femur BMD T scores only improved by 4%
(P = 0.22). In the group without normalization in serum calcium
levels, there was also no significant improvement in the mean femur
and spine BMD T score (P = 0.26 and P = 0.66). In patients with
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normalization of both serum PTH and calcium levels, there was im-
provement of 11% for the femur (P = 0.022) and 22% for the spine
BMD T score (P < 0.001) posttreatment. There was no significant
improvement of the femur or spine BMD T score in the patient group
without normalization of either PTH or calcium levels. Finally, when
calcium levels but not PTH levels normalized, femur BMD T scores
decrease by 5% (P = 0.19) and although spine BMD T scores did
improve by 23% it was not significant (P = 0.18).

DISCUSSION

In this study, we aimed to compare outcomes of calcimimetic-
based medical therapy versus surgical treatment in patients with pHPT
due to single adenoma. Calcimimetics could become a popular al-
ternative to parathyroidectomy, in addition to bisphosphonates, in
patients with pHPT, if they can achieve similar end results as parathy-
roidectomy and avoid the possible complications of surgical inter-
vention. We analyzed 3 specific objective end points (normalization
of serum calcium, decrease of serum PTH levels, and improvement
of BMD T scores) in patients with pHPT to determine the efficacy of
calcimimetic agents when compared to surgery.

Normalization of serum calcium levels was achieved in 70.6%
of patients treated with calcimimetics compared to 100% of patients
treated by surgical resection. These findings are similar to previous
reports for normalization of calcium levels in pHPT patients treated
with calcimimetics.'?~'* Peacock et al reported normalization of cal-
cium levels in 74% to 100% of patients after 15 days, 1 year, and 5
years of daily intake of calcimimetic agents in pHPT patients.

Serum PTH levels normalized in 35% of patients treated med-
ically and 76% of patients treated surgically. Four patients failed to
normalize serum PTH after surgical intervention. Previous reports
have demonstrated that within 1 week to 5 years after parathyroidec-
tomy, 9% to 62% of patients with surgically treated pHPT and a
normal postoperative serum calcium level are found to have elevated
serum PTH levels. Underlying mechanisms for normocalcemic per-
sistent elevation in postoperative PTH remain unclear.’ However, an
elevated postoperative PTH concentration was not found to be pre-
dictive of surgical failure as measured by recurrent hypercalcemia.'
Previous studies have indicated that serum PTH levels uncommonly
normalize in patients treated with calcimimetic agents, and when PTH
levels do normalize, it appears to be a transient effect.!>!* Patients
treated with calcimimetics in this study showed a similar pattern of
PTH normalization, with less than half of patients in that group having
posttreatment serum PTH levels improving into the normal range.

Femur BMD T scores were significantly improved and almost
within normal range after parathyroidectomy when comparing pre-
and posttreatment values. Several previous studies have confirmed
these findings,>~” which match the general consensus that bone
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TABLE 5. Pre- and Posttreatment Mean Femur and Spine BMD T Scores After Normalization of PTH
Calcium and PTH + Calcium Serum Levels in Patients Treated Either Medically or Surgically

Normalization of PTH (n = 15)

No Normalization of PTH (n = 20)

Parameters Pretreatment Posttreatment P Pretreatment Posttreatment P
Femur T score —-19 1.71 0.028 —2.15 —2.38 NI*
Spine T score —2.17 —1.69 <0.001 —1.67 —135 0.18

Normalization of Calcium (n = 30)

No Normalization of Calcium (n = 5)

Parameters Pretreatment Posttreatment P Pretreatment Posttreatment P
Femur T score —2.07 —1.98 0.22 —1.8 —-23 NI*
Spine T score —2.03 —1.58 0.002 —1.28 —1.18 0.66

Normalization of PTH + Calcium (n = 14)

No Normalization of PTH + Calcium (n = 21)

Parameters Pretreatment Posttreatment P Pretreatment Posttreatment P
Femur T score —-1.9 1.69 0.022 —1.78 —2.38 NI*
Spine T score —22 —-1.75 <0.001 —13 —-1.27 0.86

Normalization of Calcium Without PTH (n = 16)

Parameters Pretreatment Posttreatment P
Femur T score —2.28 —2.38 NI*
Spine T score —-1.77 —1.38 0.18

*NI = No improvement in BMD T score.

density improves significantly in cortical bone sites after parathy-
roidectomy in patients with pHPT. In contrast, calcimimetic treat-
ment did not significantly improve femur BMD T scores in this study,
which is also consistent with previous reports.!?13:17

Parathyroidectomy also significantly improved spine BMD T
scores in our patient population, which is consistent with previous
reports.*~¢ Surprisingly, the calcimimetic group also had significant
improvement of spine BMD T scores, which is contrary to prior
studies that showed no improvement in spine BMD T scores for
patients treated with calcimimetics alone with primary or secondary
hyperparathyroidism.!*-!8:1° This may be due to the combined effect
of calcimimetics plus bisphosphonate therapy on the spine BMD.
Bisphosphonates have been shown to work on a tissue level through
inhibition of bone destruction and increase in BMD by decrease of
bone resorption and bone turnover.?’ Indeed, previous studies have
shown that bisphosphonates cause a greater improvement in spine
BMD when compared to the femur BMD.20-22

Subgroup analysis demonstrated that regardless of treatment,
normalization of serum PTH levels yields significant improvements
in both femur and spine BMD T scores. However, when calcium levels
normalized without normalization of PTH levels, neither femur nor
spine BMD improved significantly. This observation suggests that
calcium may be a confounder in BMD improvement and that the
superior effects of surgery over calcimimetic treatment may ultimately
be mediated by better control of PTH.

In this study we did not observe any complications in either
the surgical or the medical group. Side effects due to calcimimetic
treatment have been documented to include nausea, vomiting, and
diarrhea in 5% or more cases.?® It is likely that side effects of cal-
cimimetics were not seen in this study population because of the
fact that patients were selected for inclusion only if they had been
maintained on a calcimimetic agent for at least 1 year.

There were 3 major limitations to our study. The first is the
retrospective nature of the analysis, which leads to differences in
treatment, specifically the failure to follow a protocol for dose esca-
lation of calcimimetic agents. The second limitation is the diagnosis
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of single parathyroid adenoma based on imaging in the calcimimetic
group. None of these patients underwent surgery for definitive diag-
nosis. However, the majority of these patients had at least 2 imag-
ing studies, which were concordant, to localize the adenoma. Most
studies have shown localization with 2 concordant studies is 96%
accurate for single adenoma detection.* The third major limitation
is the study size. Although the study was powered to answer specific
questions, larger studies would be beneficial for subgroup analysis. At
our center very few patients elect for medical management in pHPT
making recruitment in this arm difficult. Most prior studies analyzing
the effectiveness of calcimimetic agents also included small group
sizes, probably for similar reasons.'>"'* Prospective multicenter ran-
domized trials may be more effective in eliminating these limitations.
Despite these limitations our study shows that calcimimetic agents do
not achieve similar results than parathyroidectomy in patients with
pHPT when comparing serum calcium and PTH levels as well as
femur and spine BMD T scores.

In conclusion, parathyroidectomy results in greater normal-
ization of serum calcium and PTH levels and significantly improves
cortical BMD compared to calcimimetics. Regardless of treatment,
normalization of PTH is associated with significant improvement in
spine and femur BMD, suggesting that the superior effects of surgery
may be mediated by better control of PTH. Larger, prospective tri-
als are needed to confirm these results and define the utilization of
calcimimetic agents in the setting of pHPT.

ACKNOWLEDGMENTS

The authors thank Dr David Zackson for permitting access to
the charts of medically treated patients.

REFERENCES

1. Melton LJ III. Epidemiology of primary hyperparathyroidism. J Bone Miner
Res. 1991;6(suppl 2):S25-S30; discussion S31-S32.

2. Potts JT, Jr. Consensus development conference. J Bone Miner Res. 1991;6:S9—
S13.

3. Biskobing DM. Significance of elevated parathyroid hormone after parathy-
roidectomy. Endocr Pract. 2010;16:112-117.

© 2012 Lippincott Williams & Wilkins

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Annals of Surgery « Volume 255, Number 5, May 2012

Calcimimetics Versus Parathyroidectomy

10.

11.

. Nomura R, Sugimoto T, Tsukamoto T, et al. Marked and sustained increase in

bone mineral density after parathyroidectomy in patients with primary hyper-
parathyroidism: a six-year longitudinal study with or without parathyroidec-
tomy in a Japanese population. Clin Endocrinol (Oxf). 2004;60:335-342.

. Christiansen P, Steiniche T, Brixen K, et al. Primary hyperparathyroidism: ef-

fect of parathyroidectomy on regional bone mineral density in Danish patients:
a three-year follow-up study. Bone. 1999;25:589-595.

. Rubin MR, Bilezikian JP, McMahon DJ, et al. The natural history of primary

hyperparathyroidism with or without parathyroid surgery after 15 years. J Clin
Endocrinol Metab. 2008;93:3462-3470.

. Silverberg SJ, Shane E, de la Cruz L, et al. Skeletal disease in primary hyper-

parathyroidism. J Bone Miner Res. 1989;4:283-291.

. Parfitt AM. Accelerated cortical loss: primary and secondary hyperparathy-

roidsm. In: Uhthoff H, Stahl E eds. Current Concepts of Bone Fragility.
Berlin, Germany: Springer-Verlag; 1986;279-285.

. Brown EM, Gamba G, Riccardi D, et al. Cloning and characterization of

an extracellular Ca(24)-sensing receptor from bovine parathyroid. Nature.
1993;366:575-580.

Brown EM, Hebert SC. A cloned extracellular Ca(2+)-sensing receptor:
molecular mediator of the actions of extracellular Ca2+ on parathyroid and
kidney cells? Kidney Int. 1996;49:1042—1046.

Nemeth EF, Steffey ME, Hammerland LG, et al. Calcimimetics with potent
and selective activity on the parathyroid calcium receptor. Proc Natl Acad Sci
U S 4. 1998;95:4040—4045.

. Peacock M, Bilezikian JP, Klassen PS, et al. Cinacalcet hydrochloride main-

tains long-term normocalcemia in patients with primary hyperparathyroidism.
J Clin Endocrinol Metab. 2005;90:135-141.

. Peacock M, Bolognese MA, Borofsky M, et al. Cinacalcet treatment of primary

hyperparathyroidism: biochemical and bone densitometric outcomes in a five-
year study. J Clin Endocrinol Metab. 2009;94:4860-4867.

© 2012 Lippincott Williams & Wilkins

20.

21.

22.

23.

24.

. Shoback DM, Bilezikian JP, Turner SA, et al. The calcimimetic cinacalcet

normalizes serum calcium in subjects with primary hyperparathyroidism. J
Clin Endocrinol Metab. 2003;88:5644-5649.

. EMEA. [Prescribing Information for Mimpara Web site]. Available at:

www.emea.europa.eu/humandocs/PDFs/EPAR/mimpara/H-570-PI-en.pdf.
Accessed March 3, 2011.

. Yen TW, Wilson SD, Krzywda EA, et al. The role of parathyroid hor-

mone measurements after surgery for primary hyperparathyroidism. Surgery.
2006;140:665-672; discussion 672—674.

. Wuthrich RP, Martin D, Bilezikian JP. The role of calcimimetics in the treat-

ment of hyperparathyroidism. Eur J Clin Invest. 2007;37:915-922.

. Toro Prieto FJ, Bernal Blanco G, Navarro Garcia M, et al. Calcimimetics and

bone mineral density in renal transplant patients with persistent secondary
hyperparathyroidism. Transplant Proc. 2009;41:2144-2147.

. Lien YH, Silva AL, Whittman D. Effects of cinacalcet on bone mineral den-

sity in patients with secondary hyperparathyroidism. Nephrol Dial Transplant.
2005;20:1232-1237.

Khan A, Grey A, Shoback D. Medical management of asymptomatic primary
hyperparathyroidism: proceedings of the third international workshop. J Clin
Endocrinol Metab. 2009;94:373-381.

Khan AA, Bilezikian JP, Kung AW, et al. Alendronate in primary hyper-
parathyroidism: a double-blind, randomized, placebo-controlled trial. J Clin
Endocrinol Metab. 2004;89:3319-3325.

Parker CR, Blackwell PJ, Fairbairn KJ, et al. Alendronate in the treatment
of primary hyperparathyroid-related osteoporosis: a 2-year study. J Clin En-
docrinol Metab. 2002;87:4482-4489.

Sensipar® (cinacalcet) prescribing information, Amgen. Available at: http:/
www.sensipar.com/hcp_home.html. Accessed May 2, 2011.

Mihai R, Simon D, Hellman P. Imaging for primary hyperparathyroidism—an
evidence-based analysis. Langenbecks Arch Surg. 2009;394:765-784.

www.annalsofsurgery.com | 985

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://www.emea.europa.eu/humandocs/PDFs/EPAR/mimpara/H-570-PI-en.pdf
http://www.sensipar.com/hcp_home.html
http://www.sensipar.com/hcp_home.html

