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Abstract Cinacalcet, an allosteric modulator of a calcium

(Ca)-sensing receptor, significantly suppresses parathyroid

hormone (PTH) secretion and bone turnover rate in chronic

hemodialysis (HD) patients with secondary hyperparathy-

roidism (SHPT). In this study, bone metabolism after cin-

acalcet treatment was examined, because hungry bone

syndrome is sometimes experienced after parathyroidec-

tomy in severe SHPT. We conducted a prospective obser-

vational study in 17 HD patients with SHPT. Cinacalcet

was started at 25 mg/day, and the dose was increased step

by step based on serum calcium level. A significant

decrease in serum Ca and intact PTH concentration was

found within 2 weeks. Tartrate-resistant acid phosphatase

5b, a good bone resorption marker, was significantly

decreased at week 2 of the study. Serum bone alkaline

phosphatase, a marker of bone formation, was increased at

week 2 compared with the basal level. It became, however,

gradually decreased until week 14. Only one patient whose

bone turnover was considerably high had a mild numbness

feeling. These results suggest that cinacalcet treatment

might transiently accelerate bone formation with rapid

suppression of bone resorption. This uncoupling could be

involved in a mechanism by which cinacalcet decreases

serum Ca level.
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Introduction

Cinacalcet acutely inhibits parathyroid hormone (PTH)

secretion through acting on a calcium-sensing receptor on

the membrane of the parathyroid gland, thereby bringing

great benefit to patients undergoing chronic hemodialysis

(HD) therapy such as easier achievement of targeting

levels of serum calcium (Ca) and phosphorus (P), reduction

in the risk of parathyroidectomy (PTx), fractures, and

cardiovascular hospitalization, and possible prevention of

vascular calcification and bone loss [1–5]. Arterial calci-

fication is more developed in HD patients compared with

age-matched healthy subjects and is thought to be a car-

diovascular risk factor in renal failure [6, 7]. Elevated

serum Ca, P, and Ca 9 P product are also considered as

cardiovascular risks in HD patients and may have a link to

increased mortality [8, 9]. Cinacalcet can lead to a signi-

ficant reduction in serum Ca, P, Ca 9 P, and PTH levels;

thus, this kind of agent might be an ideal therapy for HD

patients with secondary hyperparathyroidism (SHPT).

Hypocalcemia is one of the important side effects of

cinacalcet. However, once this agent is started, it might

need to be used for a long period because enlarged para-

thyroid glands cannot be easily regressed. Therefore, cin-

acalcet has to be carefully started for suitable cases. We
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developed our original protocol and assessed the safety and

effect of cinacalcet, especially on bone metabolism. In our

prospective study, cinacalcet acutely suppressed bone

resorption whereas it transiently accelerated bone forma-

tion. Although mechanisms of cinacalcet-induced hypo-

calcemia remain uncertain, it is conceivable that cinacalcet

could produce a hungry bone-like effect such as is seen

after PTx in patients with severe SHPT [10].

Materials and methods

Patients

Our subjects were 17 patients undergoing maintenance HD

therapy with SHPT. Including criteria were persistent

hyperphosphatemia, hypercalcemia, or high PTH level for at

least 3 months in spite of conventional treatment. The Jap-

anese Society for Dialysis Therapy (JSDT) guideline was

used for the target range: 6.0 C P C 3.5, 10 C cCa C 8.4,

and 180 C iPTH C 60 [11]. The background data of the

subjects are shown in Table 1. Their original disease

was diabetes mellitus in 3 patients, chronic glomerular

nephropathy in 9, hypertensive nephropathy in 2, and

unknown in 3 patients. Maintenance HD therapy (3 sessions

a week, 4 h per session) has been performed in all patients.

Ca concentration in the dialysate bath was 3.0 mEq/l.

A protocol of this study is shown in Table 2. Conven-

tional medical treatment for SHPT, such as sevelamer

hydrochloride and the vitamin D analogue Maxacalcitriol

(OCT) pulse therapy, had been continued without change

in the dosage for at least 1 month before and after cina-

calcet administration. At the end of this study (15 weeks),

dosage of cinacalcet was 50 mg (2 tablets) for 2 patients

and 25 mg (1 tablet) for the other 15. Mean dosage of

sevelamer hydrochloride was 2790 ± 430 mg/day. No

patient was treated with CaCO3 as a phosphate binder.

Dosage of OCT was increased in 10 patients after 4 weeks

of cinacalcet administration. Mean dosage of OCT was

12.2 lg/week at the beginning of the study and 22.6 lg/

week at the end. There was no change of prescription

regarding any other medication as well as dialysis condi-

tion. This study was approved by the Institutional Review

Board of Shimane University. All participants gave

informed consent to join this study.

Methods

Blood samples were obtained just before the HD session to

determine serum levels of Ca, albumin, P, and intact para-

thyroid hormone (iPTH). At least 12 h had passed after the last

cinacalcet dose before blood sample collection. Bone

metabolism was evaluated by serum bone alkaline phospha-

tase (BAP), a marker of bone formation, and tartrate-resistant

acid phosphatase 5b (TRACP5b), a marker of bone resorption.

Measurement of serum iPTH and BAP was performed by

immunoradiometric assay (IRMA; Scantibodies) and by

enzymatic immunoassay (EIA), respectively. TRACP5b,

which has been reported not to be affected by renal function,

was measured by novel fragments absorbed immunocapture

enzymatic assay (FAICEA) using two monoclonal antibodies

[12, 13]. TRACP5b activity was reported to be free from

interference by TRACP5a activity [14].

Statistics

All data are shown as mean ± standard error of the mean.

A paired t test was performed for comparison between two

Table 1 Clinical and laboratory profile in 17 patients undergoing

maintenance hemodialysis (HD)

Parameter Value Normal range

Age (years) 57.9 ± 2.3

Gender (male/female) 10/7

Duration of HD (year) 15.2 ± 2.6

OCT dose (lg/week) 12.2 ± 1.6

Serum Ca (mg/dl) 9.7 ± 0.12 8.2–10.0

Serum cCaa (mg/dl) 10.1 ± 0.12

Serum P (mg/dl) 5.62 ± 0.32 2.5–4.5

Intact PTH (pg/ml) 486 ± 42 10–65

BAP (U/l) 21.2 ± 2.1 9.6–35.4

TRACP5b (mU/dl) 747 ± 123 170–590

OCT vitamin D analogue Maxacalcitriol, PTH parathyroid hormone,

BAP bone alkaline phosphatase, TRACP5b tartrate-resistant acid

phosphatase 5b
a Corrected with serum Alb level with Payne’s formula:

cCa = Ca ? (4–Alb), if serum albumin is less than 4.0 g/dl

Table 2 Protocol for cinacalcet administration in this study

Step 1: Start 1 tablet (25 mg) after dinner

Step 2: After 7 days of step 1, check cCa C 8.5 mg/dl and no

symptoma

Step 3: After 14 days of step 1 (or 4), check cCa, P, and PTH levels

Step 4: If cCa [ 10 mg/dl, add 1 tabletb (go to step 5)

If 10 [ cCa C 8.0 mg/dl, continue treatmentc

If 8.0 mg/dl [ cCa, reduce by 1 tablet or stop taking

Step 5: After 7 days of step 4, check cCa C 8.5 mg/dl and no

symptom

Step 6: Continue steps 3–5

a Ask about symptoms such as numbness or tetany; instruct patient to

stop taking if serious side effect occurs or when cCa is less than

7.5 mg/dl
b Maximum dosage of cinacalcet is 100 mg/day
c If P \ 5.5 mg/dl, cCa \ 9.0 mg/dl, and iPTH [ 180 pg/ml, the

dosage of intravenous vitamin D analogue may be increased
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time points. A single regression analysis was performed for

correlations among the variables. A multiple comparison

was conducted by analysis of variance (ANOVA) with

Fisher’s protected least squares difference (PLSD) or the

Kruskal–Wallis test. A chi-square test was also performed

to determine the statistical significance. A P value \0.05

was considered statistically significant.

Results

Effect on serum Ca and P levels and on PTH secretion

Cinacalcet administration led to a significant decrease in

serum Ca level and a Ca 9 P product at week 2 (Fig. 1). A

significant decrease in serum P level was also shown within

4 weeks. Serum iPTH level was significantly decreased at

week 2 (Fig. 1). However, gradual increases in Ca, P, and

Ca 9 P accompanied by sustained inhibition of iPTH levels

after 4 weeks could be best explained by the co-administra-

tion of OCT. Maximal suppression was found at the end of the

study (51.3% ± 7.1% reduction from baseline).

Achievement of the target range

If the Japanese Society for Dialysis Therapy (JSDT)

guideline is adapted, 4 patients (24%) reached the target

range at the end of the study: 6.0 C P C 3.5, 10 C cCa C

8.4, and 180 C iPTH C 60 [11]. Five patients (29%)

achieved the target of all components of the K/DOQI

guideline at week 14, although no one achieved it at the

beginning of the study [15]. This finding suggests that the

target range could be achieved by a combination therapy of

cinacalcet and OCT, even if it could not be achieved by

conventional therapy.

Effect on bone metabolism

A time-dependent decrease in serum TRACP5b level was

observed (Fig. 2). Interestingly, serum level of BAP, a

marker of bone formation, was increased at week 2 com-

pared with the basal level (Fig. 2). These early changes in

TRACP5b and BAP levels were most likely the result of

cinacalcet treatment because OCT dosages were not

changed at week 2. The elevated BAP level, however,

gradually decreased, and at week 14 it was significantly

lower than the baseline level, suggesting that extensive

management of SHPT with cinacalcet and OCT induced a

significant reduction of serum PTH level and bone turnover

rate.

Because there was a tendency to positive correlation

between percent changes in iPTH from the baseline

and percent changes in TRACP5b from the baseline at

week 2 (P = 0.062) as well as at week 8 (P = 0.067),
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Fig. 1 Effect of cinacalcet on

serum Ca, P, Ca 9 P, and intact

parathyroid hormone (PTH)

levels in 17 hemodialysis (HD)

patients. Serum corrected Ca

(cCa), Ca 9 P product, and

intact PTH levels were

significantly decreased 2 weeks

after Cinacalcet (25 mg/day)

therapy. Serum P was also

decreased at week 4. These

changes in serum markers after

4 weeks could be affected not

only by cinacalcet but also by

the co-administration of the

vitamin D analogue

Maxacalcitriol (OCT).

*P \ 0.05; **P \ 0.001
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cinacalcet-induced suppression of bone resorption could be

mediated through remarkable suppression of PTH secre-

tion. On the other hand, no correlation was found between

percent changes in iPTH from the baseline and percent

changes in BAP from the baseline at week 2 (P = 0.71) as

well as at week 8 (P = 0.67).

Safety

As for side effects of cinacalcet, one woman felt numbness

in her extremities in the night 3 days after cinacalcet

treatment. Her basal levels of serum cCa, P, iPTH, BAP,

and TRACP5b were 10.0 mg/dl, 5.8 mg/dl, 513 pg/ml,

32.2 U/l, and 1470 mU/dl, respectively. The numbness had

disappeared when she came to the clinic next morning.

Serum cCa level was 9.0 mg/dl before HD, although it was

expected to be lower with the presence of this symptom.

After a couple of days of cessation of cinacalcet, she was

able to restart the medicine, and no side effects occurred

thereafter. A gastrointestinal side effect, which occurred

most frequently in cinacalcet treatment, was not experi-

enced. We did not observe any other complications

throughout this study period.

Discussion

In this study, we found that serum BAP level was tran-

siently elevated after administration of cinacalcet whereas

serum TRACP5b level was rapidly suppressed. Chronic

suppression of bone turnover by cinacalcet has been pre-

viously reported [1, 4]. Shigematsu et al. [16] have recently

shown a transient increase in serum BAP level and a rapid

decrease in TRACP level during long-term cinacalcet

treatment in 200 HD patients. In their study, serum BAP

level was elevated 4 weeks after cinacalcet treatment and

gradually decreased thereafter, whereas serum levels of the

bone resorption markers TRACP and NTx (amino-terminal

telopeptide of type I collagen) were markedly reduced at

4 weeks. These findings are very consistent to our results.

In the present study, we detected these changes in bone

markers at as early as 2 weeks of cinacalcet administration.

Thus, these findings indicate that bone changes could occur

much earlier than we expected.

Cinacalcet, which allosterically acts on the Ca-sensing

receptor on the parathyroid cells, promptly suppresses PTH

secretion, followed by a decrease in serum Ca and P [17–

19]. Because this medicine mimics extracellular Ca action,

it is called a calcimimetic. Previous reports demonstrated

that NPS R-568, a first generation of calcimimetic agents,

acutely suppresses PTH secretion within 1 h in postmen-

opausal women with mild primary hyperparathyroidism

[20]. This action resulted in a significant reduction in

serum Ca to reach nadir 2–6 h after administration. The

mechanism of this phenomenon has not been elucidated.

Because the Ca-sensing receptor is expressed on bone

tissue, possibilities of direct effect of cinacalcet on bone

cells cannot be excluded [18, 21]. According to previous in

vitro studies, activating the Ca-sensing receptor in osteo-

blasts or the precursors resulted in the stimulation of their

proliferation and differentiation whereas activating the

Ca-sensing receptor in osteoclasts or the precursors led to

apoptosis and to the inhibition of their activity and differ-

entiation [22–27]. However, because the Ca-sensing

receptor expression level in bone is much less than that in

the parathyroid gland, a PTH-mediated hungry bone-like

phenomenon would be plausible as the main mechanism of

calcimimetics-induced hypocalcemia.

Yajima et al. [28] demonstrated bone histomorphometric

data after PTx in SHPT, where osteoclast surface was dis-

appeared within 4 weeks after PTx and osteoblast surface

transiently increased at 1 week, followed by a reduction at

4 weeks. These bone biopsy data well explained our find-

ings reported previously, where decreased bone mineral

density (BMD) was significantly regained as soon as

1 month after PTx, and the impact of the recovery was

associated with serum PTH level just before PTx [10]. Lazar

and Stankus [29] presented a case with cinacalcet-induced
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Fig. 2 Effect of cinacalcet on

bone resorption and formation.

Serum TRACP5b, a bone

resorption marker, was

significantly decreased at weeks

2 and 8, whereas serum bone

alkaline phosphatase (BAP), a

bone formation marker, was

significantly increased at week 2

and gradually decreased

thereafter. *P \ 0.05;

**P \ 0.01
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symptomatic and persistent hypocalcemia closely resem-

bling the PTx-induced hungry bone syndrome. More

recently, effects of cinacalcet on bone histology were

demonstrated in patients with SHPT [30]. According to the

report, parameters of bone formation and resorption were

decreased with a concomitant increase in mineralized bone

volume after 52 weeks of treatment with cinacalcet and low-

dose vitamin D sterol.

Cinacalcet also leads to P reduction in patients with

SHPT. In the present study, greater reduction of serum

PTH level was obtained in patients whose serum P levels

were well controlled and OCT dosages were raised. Recent

findings indicate that calcimimetics might lead to an

increased vitamin D receptor (VDR) expression in the

parathyroid cells [31]. On the other hand, the vitamin D

analogue OCT induced upregulation of Ca-sensing receptor

and VDR was reduced in uremic rats when it was directly

administered in the parathyroid gland [32], suggesting that

a combination of cinacalcet and vitamin D or its analogue

might be reasonable therapy for SHPT [33, 34]. In addition,

cinacalcet could cancel out the negative effects of vitamin

D such as hypercalcemia and hyperphosphatemia.

We experienced a side effect of cinacalcet in only 1

woman among 17 HD patients. Probably because her bone

turnover rate was high, it was conceivable that cinacalcet

could induce hungry bone status. Her serum BAP levels

were 32.2 U/l, 54.9 U/l, and 45.4 U/l at week 0, 2, and 8,

respectively. The ratio of BAP level at week 2 divided by

week 0 showed 1.71, which was the highest level among all

participants, and it remained at a high level (1.41) at week

8. In contrast, her serum TRACP5b levels were 1470, 1180,

and 931 mU/dl at week 0, 2, and 8, respectively. The basal

level was the highest among these patients. These findings

might support our speculation that cinacalcet-induced

hypocalcemia might be mediated in part by uncoupling

between bone formation and resorption. Based on this

theory, cinacalcet-induced hypocalcemia should be regar-

ded with care, especially for those patients with very high

bone turnover.

There are some limitations in this study. First, the

sample size was small and the study duration was too short

for conclusive results, even if statistical significance was

observed. However, supportive findings have been reported

previously [16, 29]. Second, we speculated bone turnover

from bone markers, but not from bone histomorphometry

data. Thus, we could not rule out the potential occurrence

of temporal osteomalacia or mineralization impairment

rather than hungry bone syndrome, as BAP can be

increased when there is a defect in primary mineralization

of bone. Recent bone histology data, however, strongly

support a cinacalcet-induced hungry bone phenomenon

[28, 31]. Third, we did not detect early changes in serum

BAP and TRACP5b before a decrease in serum Ca level.

In conclusion, our results suggest that cinacalcet might

transiently accelerate bone formation with rapid suppres-

sion of bone resorption. This uncoupling could be partly

involved in a mechanism by which cinacalcet rapidly

decreases serum Ca level.

Acknowledgments The authors appreciate the staff in the dialysis

units for their support of this study. This work is supported in part by

grant from The Kidney Foundation, Japan (JKFB07-37), and by

Grant-in-Aid for Scientific research(C) (20590974).

References

1. Block GA, Martin KJ, de Francisco AL, Turner SA, Avram MM,

Suranyi MG, Hercz G, Cunningham J, Abu-Alfa AK, Messa P,

Coyne DW, Locatelli F, Cohen RM, Evenepoel P, Moe SM,

Fournier A, Braun J, McCary LC, Zani VJ, Olson KA et al (2004)

Cinacalcet for secondary hyperparathyroidism in patients

receiving hemodialysis. N Engl J Med 350:1516–1525

2. Lindberg JS, Culleton B, Wong G, Borah MF, Clark RV, Shapiro

WB, Roger SD, Husserl FE, Klassen PS, Guo MD, Albizem MB,

Coburn JW (2005) Cinaclcet HCl, an oral calcimimetic agent for

the treatment of secondary hyperparathyroidism in hemodialysis

and peritoneal dialysis: a randomized, double-blind, multicenter

study. J Am Soc Nephrol 16:800–807

3. Cunningham J, Danese M, Olson K, Klassen P, Chertow GM

(2005) Effects of the calcimimetic cinacalcet HCl on cardiovas-

cular disease, fracture, and health-related quality of life in sec-

ondary hyperparathyroidism. Kidney Int 68:1793–1800

4. Fukagawa M, Yumita S, Akizawa T, Uchida E, Tsukamoto Y,

Iwasaki M, Koshikawa S, KRN1493 study group (2008) Cina-

calcet (KRN1493) effectively decreases the serum intact PTH

level with favorable control of the serum phosphorus and calcium

levels in Japanese dialysis patients. Nephrol Dial Transplant

23:328–335

5. Henley C, Colloton M, Cattley RC, Shatzen E, Towler DA, Lacey

D, Martin D (2005) 1, 25-Dihydroxyvitamin D3 but not cincalcet

HCl treatment mediates aortic calcification in a rat model of

secondary hyperparathyroidism. Nephrol Dial Transplant 20:

1370–1377

6. Goodman WG, Goldin J, Kuizon BD, Yoon C, Gales B, Sider D,

Wang Y, Chung J, Emerick A, Greaser L, Elashoff RM, Salusky

IB (2000) Coronary-artery calcification in young adults with end-

stage renal disease who are undergoing dialysis. N Engl J Med

342:1478–1483

7. Blacher J, Guerin AP, Pannier B, Marchais SJ, London GM

(2001) Arterial calcifications, arterial stiffness, and cardiovascu-

lar risk in end-stage renal disease. Hypertension 38:938–942

8. Block GA, Hulbert-Shearon TE, Levin NW, Port FK (1998)

Association of serum phosphorus and calcium 9 phosphate

product with mortality risk in chronic hemodialysis patients: a

national study. Am J Kidney Dis 31:607–617

9. Ganesh SK, Stack AG, Levin NW, Hulbert-Shearon T, Port FK

(2001) Association of elevated serum PO(4), Ca 9 PO(4)

product, and parathyroid hormone with cardiac mortality risk

in chronic hemodialysis patients. J Am Soc Nephrol 12:2131–

2138

10. Yano S, Sugimoto T, Tsukamoto T, Yamaguchi T, Hattori T,

Sekita KI, Kaji H, Hattori S, Kobayashi A, Chihara K (2003)

Effect of parathyroidectomy on bone mineral density in hemod-

ialysis patients with secondary hyperparathyroidism: possible

usefulness of preoperative determination of parathyroid hormone

level for prediction of bone regain. Horm Metab Res 35:259–264

J Bone Miner Metab (2010) 28:49–54 53

123



11. Yokoyama K (2008) The calcium-phosphorus in guidelines for

CKD-MBD. Kidney Int 74:245

12. Yamada S, Inaba M, Kurajoh M, Shidara K, Imanishi Y, Ishimura

E, Nishizawa Y (2008) Utility of serum tartrate-resistant acid

phosphatase (TRACP5b) as a bone resorption marker in patients

with chronic kidney disease: independence from renal dysfunc-

tion. Clin Endocrinol 69:189–196

13. Chu P, Chao TY, Lin YF, Janckila AJ, Yam LT (2003) Correlation

between histomorphometric parameters of bone resorption and

serum type 5b tartrate-resistant acid phosphatase in uremic patients

on maintenance hemodialysis. Am J Kidney Dis 41:1052–1059

14. Ohashi T, Igarashi Y, Mochizuki Y, Miura T, Inaba N, Katayama K,

Tomonaga T, Nomura F (2007) Development of a novel fragments

absorbed immunocapture enzyme assay system for tartrate-resistant

acid phosphatase 5b. Clin Chim Acta 376:205–212

15. National Kidney Foundation (2003) K/DOQI clinical practice

guidelines for bone metabolism and disease in chronic kidney

disease. Am J Kidney Dis 42:S1–S201

16. Shigematsu T, Akizawa T, Uchida E, Tsukamoto Y, Iwasaki M,

Koshikawa S (2008) Long-term cinacalcet HCl treatment

improved bone metabolism in Japanese hemodialysis patients

with secondary hyperparathyroidism. Am J Nephrol 29:230–236

17. Nemeth EF, Steffey ME, Hammerland LG, Hung BC, Van

Wagenen BC, DelMar EG, Balandrin MF (1998) Calcimimetics

with potent and selective activity on the parathyroid calcium

receptor. Proc Natl Acad Sci USA 95:4040–4045

18. Brown EM, MacLeod RJ (2001) Extracellular calcium sensing

and extracellular calcium signaling. Physiol Rev 81:239–297

19. Yano S, Brown EM (2005) Calcium-sensing receptor. In: Naveh-

Many T (ed) Molecular biology of the parathyroid. Landes Bio-

science/Eurekah.com and Kluwer Academic/Plenum, New York,

pp 44–56

20. Silverberg SJ, Bone HGIII, Marriott TB, Locker FG, Thys-Jacobs

S, Dziem G, Kaatz S, Sanguinetti EL, Bilezikian JP (1997) Short-

term inhibition of parathyroid hormone secretion by a calcium-

receptor agonist in patients with primary hyperparathyroidism. N

Engl J Med 337:1506–1510

21. Yamaguchi T (2008) The calcium-sensing receptor in bone.

J Bone Miner Metab 26:301–311

22. Chattopadhyay N, Yano S, Tfelt-Hansen J, Rooney P, Kanuparthi

D, Bandyopadhyay S, Ren X, Terwilliger E, Brown EM (2004)

Mitogenic action of calcium-sensing receptor on rat calvarial

osteoblasts. Endocrinology 145:3451–3462

23. Dvorak MM, Siddiqua A, Ward DT, Carter DH, Dallas SL, Ne-

meth EF, Riccardi D (2004) Physiological changes in extracel-

lular calcium concentration directly control osteoblast function in

the absence of calciotropic hormones. Proc Natl Acad Sci USA

101:5140–5145

24. Yamauchi M, Yamaguchi T, Kaji H, Sugimoto T, Chihara K

(2005) Involvement of calcium-sensing receptor in osteoblastic

differentiation of of mouse MC3T3–E1 cells. Am J Physiol

Endocrinol Metab 288:E608–E616

25. Kameda T, Mano H, Yamada Y, Takai H, Amizuka N, Kobori M,

Izumi N, Kawashima H, Ozawa H, Ikeda K, Kameda A, Hakeda

Y, Kumegawa M (1998) Calcium-sensing receptor in mature

osteoclasts, which are bone resorbing cells. Biochem Biophys

Res Commun 245:419–422

26. Kanatani M, Sugimoto T, Kanzawa M, Yano S, Chihara K (1999)

High extracellular calcium inhibits osteoclast-like cell formation

by directly acting on the calcium-sensing receptor existing in

osteoclast precursor cells. Biochem Biophys Res Commun

261:144–148

27. Mentaverri R, Yano S, Chattopadhyay N, Petit L, Kifor O, Kamel

S, Terwilliger EF, Brazier M, Brown EM (2006) The calcium

sensing receptor is directly involved in both osteoclast differen-

tiation and apoptosis. FASEB J 20:2562–2564

28. Yajima A, Inaba M, Ogawa Y, Tominaga Y, Tanizawa T, Inou T,

Otsubo O (2007) Significance of time-course changes of serum

bone markers after parathyroidectomy in patients with uraemic

hyperparathyroidism. Nephrol Dial Transplant 22:1645–1657

29. Lazar ES, Stankus N (2007) Cinacalcet-induced hungry bone

syndrome. Semin Dial 20:83–85

30. Yajima A, Akizawa T, Tsukamoto Y, Kurihara S, Ito A, K Study

Group (2008) Impact of Cinacalcet hydrochloride on bone his-

tology in patients with secondary hyperparathyroidism. Ther

Apher Dial 12:S38–S43

31. Rodriguez ME, Almaden Y, Cañadillas S, Canalejo A, Siendones
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33. Carrillo-López N, Alvarez-Hernández D, González-Suárez I,
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