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Abstract 20 

Introduction 21 

Cinacalcet is a calcimimetic that modulates the functions of calcium-sensing receptor and is 22 

currently used to treat patients with primary hyperparathyroidism (PHPT). Although it was 23 

reported that cinacalcet treatment reduced the size of hyperplastic parathyroid glands in 24 

patients with secondary hyperparathyroidism, whether or not cinacalcet treatment can reduce 25 

the size of parathyroid adenomas in patients with PHPT has been unknown. 26 

Materials and methods 27 

We recruited nine (male: one, female: eight) patients with PHPT due to parathyroid adenomas 28 

who did not undergo parathyroidectomy. Cinacalcet was administered at a dose of 50 mg/day, 29 

and we evaluated the size of parathyroid adenomas (width × thickness) (mm2) using 30 

ultrasonography before and after 6 months of cinacalcet treatment. 31 

Results 32 

The mean age of the subjects was 58.1 ± 7.2 years old, and the mean serum intact parathyroid 33 

hormone (PTH) concentration was 134.8 ± 8.7 pg/ml. All participants showed hypercalcemia 34 

and osteopenia. After 6 months, the mean size of parathyroid adenomas was significantly 35 

decreased (baseline: 73.8 ± 33.4 mm2 vs. after 6 months: 52.5 ± 25.0 mm2, p = 0.045). Thus, 36 

6-month cinacalcet treatment induced a 29% size reduction in parathyroid adenomas.37 

Furthermore, the serum intact PTH concentration before cinacalcet treatment was positively 38 

correlated with the reduction in the size of parathyroid adenomas. 39 

Conclusion 40 

The present study revealed that cinacalcet treatment reduces the size of parathyroid adenomas 41 

in patients with PHPT. The accumulation of more PHPT cases with cinacalcet therapy is 42 

required to confirm this finding. 43 

44 
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Introduction 48 

Primary hyperparathyroidism (PHPT) is a common endocrine disorder [1-4]. Most patients 49 

with PHPT are diagnosed incidentally because of the absence of typical findings, but some 50 

patients show symptoms caused by hypercalcemia and high bone turnover. PHPT is more 51 

common in postmenopausal women than in men and premenopausal women [2]. Excessive 52 

secretion of parathyroid hormone (PTH) in patients with PHPT causes hypercalcemia, 53 

hypercalciuria, urolithiasis and osteoporosis [5]. Most PHPT are caused by parathyroid 54 

adenoma, while others are caused by parathyroid hyperplasia and parathyroid cancer [6]. 55 

Regarding patients with PHPT due to parathyroid adenoma, parathyroidectomy (PTX) is the 56 

only definitive therapy at present [7-11]. However, several patients with PHPT are medically 57 

unfit for surgical therapy, while others refuse the surgery for various reasons.  58 

Cinacalcet was first approved for patients with secondary hyperparathyroidism (SHPT), 59 

and it has recently become available as a treatment for patients with PHPT who are not suitable 60 

for surgery. Cinacalcet is a calcimimetic that modulates the functions of calcium-sensing 61 

receptor (CaSR) and reduces the PTH secretion from parathyroid glands [12]. Cinacalcet is 62 

useful for treating hypercalcemia but is ineffective for correcting abnormal bone metabolism 63 

in patients with PHPT [13]. Regarding cases of SHPT, several previous reports have indicated 64 

that cinacalcet reduces the size of hyperplastic parathyroid glands [14-18]. However, there have 65 

been no reports examining whether or not cinacalcet can reduce the size of parathyroid 66 

adenomas in patients with PHPT. 67 

Given the above, we investigated the effect of cinacalcet treatment on the reduction in 68 

the size of parathyroid adenomas in patients with PHPT. 69 

70 
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Materials and methods 71 

Ethical approval of the study protocol 72 

The study protocol was approved by the research ethics committee of Fukuoka University 73 

Chikushi Hospital (#C20-05-006). 74 

75 

Subjects 76 

This study was performed as a retrospective cohort study. We recruited nine patients with PHPT 77 

at Fukuoka University Chikushi Hospital from April 2014 to February 2020. All subjects were 78 

diagnosed with PHPT due to parathyroid adenoma but did not undergo PTX either because of 79 

rejection of surgery or religious objections. All participants were free from anti-osteoporotic 80 

agents, including vitamin D preparations, during the study period. In addition, we confirmed 81 

that no participants had started taking any type of dietary supplement, including native vitamin 82 

D. 83 

84 

Study design 85 

The subjects were administered cinacalcet at a dose of 50 mg/day, but in 3 patients, the doses 86 

were reduced to 25 mg/day due to adverse effects, such as hypocalcemia, numbness of the 87 

hands and nausea. We evaluated the size of parathyroid adenomas using 8-MHz 88 

ultrasonography (Aplio300; Canon, Tochigi, Japan) before and after 6-month treatment. 89 

Concerning the size of parathyroid adenomas in the present study, the 2-dimensional size 90 

(width × thickness) (mm2) on a cross-echo image by 1 fixed sonographer was used as an index. 91 

In addition, we also examined related parameters. The serum intact PTH concentration 92 

was measured by an electro chemiluminescence immunoassay (ECLIA) (Roche Diagnostics, 93 

Tokyo, Japan). Serum concentrations of calcium, phosphate, urea nitrogen, creatinine and 94 

albumin and urine concentrations of calcium, phosphate and creatinine were measured using 95 
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an autoanalyzer (BioMajesty; JEOL, Tokyo, Japan). The serum calcium concentration was 96 

corrected for albumin. The bone mineral density (BMD) of the femoral neck and lumbar spine 97 

was evaluated by dual-energy X-ray absorptiometry (Discovery; Hologic Japan, Tokyo, Japan). 98 

99 

Statistical analyses 100 

Data are described as the mean ± standard error of the mean. Differences between baseline and 101 

six months after cinacalcet treatment were estimated by a paired Student's t-test. Correlations 102 

between the size change of parathyroid adenomas and each parameter were evaluated by 103 

Pearson’s correlation coefficients. Statistical analyses were performed using the BellCurve 104 

3.21 software program (SSRI, Tokyo, Japan). Statistical tests were two-sided, and a p value of 105 

< 0.05 was considered statistically significant. 106 

107 
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Results 108 

The clinical characteristics of the subjects are shown in Table 1. The mean age was 58.1 ± 7.2 109 

years old, and 1 male and 8 females were included in this study. Corrected serum calcium and 110 

serum phosphate concentrations were 10.8 ± 0.4 mg/dl and 2.4 ± 0.2 mg/dl, respectively. The 111 

serum intact PTH concentration was 134.8 ± 8.7 pg/ml, and BMD evaluations showed 112 

osteopenia in both the femoral neck and lumbar spine. The size of parathyroid adenomas 113 

evaluated by ultrasonography was 73.8 ± 33.4 mm2. All participants underwent technetium-114 

99m sestamibi (99mTc-MIBI) scintigraphy before this study. Ultrasonography and scintigraphy 115 

produced the same results concerning the localization of parathyroid adenomas in six patients. 116 

In addition, we ruled out the possibility of SHPT for all participants. 117 

After six-month treatment, the mean corrected serum calcium and serum intact PTH 118 

concentrations were significantly decreased, and the serum phosphate concentration was 119 

significantly increased (Table 1). In contrast, the mean BMD of the femoral neck and lumbar 120 

spine did not change markedly from the baseline (Table 1). At that time, the mean size of 121 

parathyroid adenomas was decreased (baseline: 73.8 ± 33.4 mm2 vs. after 6 months: 52.5 ± 122 

25.0 mm2, p = 0.045) (Table 1 and Fig. 1A). Therefore, 6-month cinacalcet treatment induced 123 

a significant 29% size reduction in parathyroid adenomas (Fig. 1B). All images of the subjects 124 

are shown in Fig. 2. 125 

We then examined the parameters correlated with the size change in parathyroid 126 

adenomas induced by cinacalcet treatment. The serum intact PTH concentration before 127 

cinacalcet treatment was significantly correlated with the reduction in the size of parathyroid 128 

adenomas (Table 2 and Fig. 3). In fact, the patient who showed the most effectiveness in 129 

shrinkage of parathyroid adenoma had the lowest serum intact PTH concentration before 130 

cinacalcet treatment, and the patient who did not show reduction in parathyroid adenoma had 131 

the second-highest serum intact PTH concentration, as shown Fig. 3. However, no other 132 



8 

8 

parameters were correlated with the reduction in the size of parathyroid adenomas (Table 2). 133 

Furthermore, the changes in the parameters after six-month treatment were not correlated with 134 

the reduction in the size of parathyroid adenomas (Table 2). 135 

136 
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Discussion 137 

Cinacalcet acts as an allosteric modulator of CaSR and enhances the sensitivity of CaSR to 138 

extracellular calcium while reducing the PTH secretion from parathyroid glands [19]. It was 139 

indicated that cinacalcet is effective in lowering the serum intact PTH concentration and 140 

concomitantly inducing a reduction in hyperplastic parathyroid glands in moderate to severe 141 

SHPT, even in patients with enlarged parathyroid glands [14-16]. In experimental settings, it 142 

was reported that decreased blood flow, cystic changes, hemorrhagic changes and improved 143 

hypertrophy were observed in hyperplastic parathyroid glands following cinacalcet 144 

administration to rat models of renal failure [20]. Imanishi et al. showed that cinacalcet 145 

suppresses parathyroid cell proliferation without affecting apoptosis in a murine model of 146 

PHPT [21]. However, increased parathyroid cell apoptosis has been demonstrated in surgically 147 

removed parathyroid glands from patients with SHPT who received cinacalcet treatment before 148 

surgery [22]. Thus, the precise mechanism underlying the reduction in the size of hyperplastic 149 

parathyroid glands induced by cinacalcet treatment remains unknown. The present study is the 150 

first to examine whether or not cinacalcet treatment reduces the size of parathyroid adenomas 151 

in patients with PHPT, and the results indicate that cinacalcet treatment does indeed induce the 152 

size reduction in parathyroid adenomas in patients with PHPT. 153 

Next, we wondered in what kind of patients with PHPT is cinacalcet treatment most 154 

effective at inducing shrinkage of parathyroid adenomas. In the present study, patients with 155 

lower serum intact PTH concentration before cinacalcet treatment showed a greater reduction 156 

in parathyroid adenomas than those with higher concentrations. Regarding SHPT, Ichii et al. 157 

reported that the size of hyperplastic parathyroid glands before cinacalcet treatment was 158 

correlated with the size reduction by cinacalcet treatment [15]. Komaba et al. indicated that 159 

cinacalcet treatment reduces the size of hyperplastic parathyroid glands, regardless of 160 

pretreatment gland sizes, in patients with SHPT, but the degree of size reduction seems to be 161 
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more pronounced in patients with greater parathyroid hyperplasia at baseline than in those with 162 

less-marked hyperplasia [16]. Which parameters best correlate with the size reduction in 163 

parathyroid adenomas or hyperplastic parathyroid glands has been unclear. 164 

Although cinacalcet was initially expected to improve bone metabolism in patients with 165 

PHPT, its performance in clinical trials has not been impressive [13, 23, 24]. In the present 166 

study, no improvement in the BMD was observed, similar to findings in previous studies. 167 

Several limitations associated with the present study warrant mention. First, the present 168 

investigation was a single-center retrospective study and thus had a small number of cases and 169 

short duration. In addition, this was an open-label and single-arm study without a concurrent 170 

control group. Generally, the male-to-female ratio of PHPT patients is 1:3, but the actual ratio 171 

was 1:8 in our study. Second, we were unable to evaluate the size of parathyroid adenomas as 172 

a three-dimensional volume because the longitudinal diameter had not been measured in some 173 

cases. Third, vitamin D deficiency affects the pathophysiology of PHPT [25], but we were 174 

unable to estimate vitamin D deficiency before cinacalcet treatment. However, vitamin D 175 

deficiency was observed in all cases after the study period. 176 

In conclusion, the present study revealed that cinacalcet treatment reduces the size of 177 

parathyroid adenomas in patients with PHPT. The accumulation of more PHPT cases with 178 

cinacalcet therapy is required to confirm this finding. 179 

180 
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Figure legends 270 

Fig. 1 Cinacalcet treatment in patients with PHPT reduces the size of parathyroid adenomas. 271 

The size of parathyroid adenomas was decreased (baseline: 73.8 ± 33.4 mm2 vs. after six 272 

months: 52.5 ± 25.0 mm2, p = 0.045 by paired Student’s t-test) (A). The reduction rate of 273 

parathyroid adenomas was shown, and cinacalcet induced a significant 29% size reduction (B). 274 

275 

Fig. 2 Ultrasonography of parathyroid adenomas. All images of the subjects are shown. The 276 

left side shows the condition before cinacalcet treatment, while the right side shows the 277 

condition after six months. Calculated sizes of parathyroid adenomas (mm2) are shown below 278 

each image. 279 

280 

Fig. 3 Patients with low serum intact PTH concentrations before cinacalcet treatment showed 281 

a greater reduction in parathyroid adenomas than in those with high concentrations. The serum 282 

intact PTH concentration before cinacalcet treatment was significantly correlated with the 283 

reduction in the size of parathyroid adenomas (r = 0.84, p < 0.01 by Pearson’s correlation 284 

coefficient). 285 



Table 1 Clinical characteristics of the subjects at baseline and six months after cinacalcet treatment 

* Statistically significant (p value < 0.05)

PTH parathyroid hormone, eGFR estimated glomerular filtration rate, BMD bone mineral density 

Baseline After six months p value 

Age (years) 58.1 ± 7.2 - - 

Gender (male/female) 1 / 8 - - 

Body mass index (kg/m2) 23.9 ± 1.3 - - 

Corrected serum calcium (mg/dl) 10.9 ± 0.5 9.2 ± 0.3 <0.01* 

Serum phosphate (mg/dl) 2.4 ± 0.2 3.1 ± 0.1 <0.01* 

Serum intact PTH (pg/ml) 134.8 ± 8.7 97.3 ± 14.1 0.025* 

Serum urea nitrogen (mg/dl) 14.7 ± 1.4 16.0 ± 1.7 0.36 

Serum creatinine (mg/dl) 0.67 ± 0.07 0.73 ± 0.07 0.11 

eGFR (ml/min/1.73m2) 79.8 ± 8.9 73.0 ± 9.1 0.07 

Urine calcium (mg/dl) 12.4 ± 7.1 - - 

Urine phosphate (mg/dl) 48.6 ± 42.1 - - 

Urine creatinine (mg/dl) 69.9 ± 31.5 - - 

BMD of femoral neck (T-score) -2.0 ± 0.3 -1.6 ± 0.5 0.58 

BMD of lumbar spine (T-score) -2.0 ± 0.3 -1.7 ± 0.6 0.32 

Size of parathyroid adenoma (mm2) 73.8 ± 33.4 52.5 ± 25.0 0.045* 



Table 2 Correlations between the size change of parathyroid adenomas and each parameter 

* Statistically significant (p value < 0.05)

PTH parathyroid hormone, eGFR estimated glomerular filtration rate, BMD bone mineral density 

Baseline Δ (after six months-baseline) 

r p value r p value 

Age (years) -0.35 0.36 - - 

Body mass index (kg/m2) -0.05 0.89 - - 

Corrected serum calcium (mg/dl) 0.39 0.30 0.11 0.78 

Serum phosphate (mg/dl) -0.45 0.22 0.46 0.22 

Serum intact PTH (pg/ml) 0.84 <0.01* 0.19 0.62 

Serum urea nitrogen (mg/dl) -0.44 0.24 -0.32 0.39 

Serum creatinine (mg/dl) 0.18 0.64 0.48 0.19 

eGFR (ml/min/1.73m2) 0.03 0.94 -0.52 0.15 

Urine calcium (mg/dl) 0.15 0.70 - - 

Urine phosphate (mg/dl) -0.19 0.62 - - 

Urine creatinine (mg/dl) -0.18 0.63 - - 

BMD of femoral neck (T-score) -0.32 0.39 0.26 0.51 

BMD of lumbar spine (T-score) 0.40 0.32 0.26 0.54 

Size of parathyroid adenoma (mm2) 0.01 0.98 - - 
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