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Abstract

:

Background. Secondary hyperparathyroidism (SHPT) is a major risk factor for cardiovascular events and all-cause mortality in hemodialysis (HD) patients. The purpose of our study was to evaluate the effects and tolerability of etelcalcetide in HD patients with SHPT. Methods. An observational study was conducted on 16 hemodialysis patients with SHPT treated with etelcalcetide. All patients were followed up for a duration of 6 months. The primary endpoints were the reduction in mean PTH ≥ 30% and ≥40% from baseline after 6 months of etelcalcetide. All patients were divided into two groups (group A versus group B) based on baseline serum PTH level prior to etelcalcetide: above and below the median serum PTH (1300 pg/mL), respectively. Results. After 6 months, a significant decrease in PTH levels was achieved by all patients receiving etelcalcetide (p = 0.015). Both primary endpoint of reduction in PTH ≥ 40% at 6 months (p = 0.01), and the secondary endpoint of reduction in median PTH values (p = 0.0001) and median percentage reduction in PTH values (p = 0.009) were significantly achieved in group A. In contrast, a greater decline of calcium (p = 0.028) and phosphorus was reached in group B than group A. Dialysis vintage ≥ 36 months, arteriovenous fistula (AVF)-based hemodialysis, post-diluition hemodiafiltration (HDF) method, and baseline values of PTH < 1300 pg/mL can positively influence the achievement of the endpoints. Furthermore, the baseline PTH < 1300 pg/mL, among these variables, was the only one showing statistically significant relevance (OR 2.28, 95% CI 1.32–3.96, p = 0.015). The history of cinacalcet use negatively correlated with the possibility to reach therapeutic targets with etelcalcetide (OR 0.47, 95% CI 0.26–0.85, p = 0.031). Treatment with etelcalcetide was well tolerated and no adverse effects were observed. Conclusions. In our study, patients with low baseline PTH levels showed a better response to etelcalcetide than patients with higher PTH levels. Consequently, the possibility to reach desirable therapeutic targets could depend on SHPT severity at the time of initiation of therapy.
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1. Introduction


Secondary hyperparathyroidism (SHPT) is a common and clinically relevant complication of CKD, especially in patients undergoing dialysis treatment. It is a major risk factor of cardiovascular events and all-cause mortality in this patient population. In Italy, 80% of hemodialysis patients, equal to about 34,000 subjects, are affected by SHPT [1]. SHPT is initially an adaptive and subsequently maladaptive process, which develops in response to the progressive impairment of renal function and related biochemical alterations. The deficiency of active vitamin D, hypocalcemia, hyperphosphatemia, and the increase in fibroblast growth factor 23 (FGF-23) levels are the main culprits of SHPT.



The 2017 Kidney Disease: Improving Global Outcomes (KDIGO) guidelines recommend that PTH lowering medications should be initiated when repeated increases in PTH levels are observed in order to delay and/or contain the progression of SHPT. It is believed that the chronic and incongruous stimulation of the parathyroid glands to produce PTH leads to structural changes in the glands themselves which, over time, become progressively more insensitive to the feedback mechanisms of PTH synthesis and to medical therapy [2]. Late treatment of the SHPT could therefore affect the effectiveness of the treatment itself. Since the pathogenesis of SHPT is multifactorial, its treatment strategies are diverse and mainly aimed at maintaining serum levels of Ca, P, and vitamin D within normal ranges and, consequently, at reducing the PTH secretion and restoring normal metabolism and bone development. Many classes of drugs, including phosphorus binders and native (cholecalciferol and calcifediol) and active (calcitriol and vitamin D analogs) calcimimetics, have been developed to directly or indirectly control CKD-mineral and bone disorder (CKD-MBD) markers. The KDIGO guidelines, however, do not give priority to any drug, but suggest the use of calcimimetics, calcitriol, vitamin D analogs, or any combinations of calcimimetics with calcitriol or vitamin D analogs for patients on dialysis requiring PTH-lowering therapy [3]. Despite the indisputable role of phosphorus chelators and vitamin D supplementation, the advent of calcimimetics has profoundly changed and upgraded the SHPT therapeutic approach. These drugs allosterically modulate the calcium-sensing receptor (CaSR) and increase the sensitivity of the receptor to extracellular calcium, thus reducing the calcium set-point, and consequently inhibiting the glandular cells proliferation and PTH secretion [4]. Furthermore, calcimimetics cause a reduction in FGF-23 and serum P levels, which improves the control of homeostasis of calcium-phosphoric metabolism [5]. Currently the lack of treatment adherence is still a big obstacle rendering the SHPT management difficult to achieve the goals set by international guidelines [3].



In clinical trials, cinacalcet, the first approved calcimimetic, has shown an excellent result on dialysis patients with SHPT. Particularly its efficacy to significantly reduce serum PTH [6], P, and Ca-P product is consistent in a wide range of patients regardless of age, sex, race, dialysis vintage, or disease severity [7,8]. Unfortunately, the oral route of administration of cinacalcet, in some cases, is complicated by its conspicuous gastrointestinal side effects (nausea/vomiting), which effectively reduce the patient adherence. For this reason, it was necessary to develop an alternative therapy, so-called etelcalcetide.



Etelcalcetide, an intravenous calcimimetic agent, is a synthetic allosteric activator of the CaSR receptor. It increases the sensitivity of CaSR receptor to calcium, which reduces the PTH secretion and consequently the circulating levels of PTH. In addition, etelcalcetide was associated with greater reductions in markers of bone mineral metabolism (bone alkaline phosphatase and C-terminal peptide peptide type I collagen) and in FGF-23 compared with both placebo and cinacalcet [9,10,11,12]. Its intravenous administration could improve compliance to the treatment of patients on hemodialysis with SHPT by providing an additional therapeutic option, especially for non-adherent patients, allowing healthcare professionals to have greater control over drug administration.



In previous clinical trials, etelcalcetide has demonstrated a good safety and tolerability profile in patients with SHPT on hemodialysis [9,13].



In our study, we further evaluated the efficacy and tolerability of etelcalcetide in a selected number of patients receiving hemodialysis with SHPT of varying severity levels.




2. Materials and Methods


This observational study was conducted by retrospectively collecting demographic, clinical, and laboratory data of CKD patients complicated with SHPT who underwent tri-weekly hemodialysis treatment at the Nephrology and Dialysis Operating Units of the San Paolo Hospital and San Carlo Hospital in Milan during the period between May 2019 and June 2020. All patients provided written informed consent via an institutional review board-approved form.



Patients were eligible for this study if at the time of accruement they were 18 years old or older and diagnosed with moderate or severe SHPT during the course of conventional treatment (PTH > 500 pg/mL, PTH > 9 times the upper limits of the norm) or not treatable with conventional therapies due to its adverse effects or poor therapeutic adherence. Included patients also must have their concentration of albumin-corrected serum calcium (cCa) or ionized calcium (iCa) above the lower limit of normal. Patients were excluded if they had any ECG abnormalities such as long QT syndrome.



In order to standardize the data, all included patients, except one, received their first dose of etelcalcetide treatment within this study period and were followed up for a period of 6 months.



Patients who, at the time of recruitment, were being treated with cinacalcet underwent a 1-week wash-out period before the treatment with etelcalcetide.



Blood samples to monitor the serum levels of PTH, calcium, phosphorus, hemoglobin, and alkaline phosphatase were collected at time zero (T0), at 3 months (T3), and at 6 months (T6) from the start of the therapy. Based on baseline PTH values prior to initiation of etelcalcetide therapy, patients were divided into two groups: Group A and Group B, who had baseline PTH values above and below the median PTH of all patients.



Age, dialysis vintage, type of vascular access (AVF vs. CVC), dialysis modality (HDF vs. HD, HDF post-dilution vs. HDF pre-dilution), baseline PTH and phosphorus levels, and previous cinacalcet therapy were considered in order to identify the predictive indices of the achievement of the predetermined targets.



2.1. Endpoints


The primary endpoints were ≥30% and ≥40% reduction from baseline mean PTH concentrations at 6 months from the start of treatment with etelcalcetide. The secondary endpoints were the reduction of the mean and median values of PTH, Ca, P, ALP, median percentage changes from baseline in PTH, Ca, and P, and the influence of different factors to achieve the therapeutic target of etelcalcetide and its tolerability as well as adverse effects.




2.2. Statistical Analysis


Categorical variables were described as frequency and percentage. Continuous variables were described as mean ± standard deviation or median interquartile range appropriately based on their data distribution (normal or non-normal respectively). The distribution of the data was analyzed using the Shapiro–Wilk test. Patients’ baseline characteristics were compared between group A and group B using the Mann–Whitney U test for continuous variables and the Fisher exact test for categorical variables. Blood chemistry tests were compared between group A and group B at the start of treatment (T0) and after 3 and 6 months (T3 and T6 respectively) using the Mann–Whitney U test. In addition, in the total of patients and within each group, the changes in blood chemistry parameters between T0 and T3, T0 and T6 were analyzed using the Wilcoxon signed-rank test. The frequencies of achievement of the fixed endpoints between the two groups were compared using the Fisher exact test. The associations between different variables and endpoints were analyzed using univariate and multivariate logistic regression models and their causalities were further extrapolated based on their clinical plausibility.



The threshold for statistical significance was determined at p-value < 0.05. The R 4.0.0 software was used for the statistical analysis.





3. Results


3.1. Baseline Characteristics


Sixteen patients diagnosed with moderate-to-severe SHPT were enrolled for the study. The baseline demographics and anamnestic characteristics of all accrued patients are shown in Table 1. Nine of the sixteen patients were on cinacalcet therapy at the time of recruitment. The baseline laboratory values (T0) are shown in Table 2. The median value of PTH 1300 pg/mL allowed the subdivision of the patients into the two aforementioned groups, each consisting of eight patients (group A with baseline PTH < 1300 pg/mL and group B with baseline PTH ≥ 1300 pg/mL).




3.2. Treatments with Etelcalcetide


Etelcalcetide was administered at the end of each hemodialysis session; it was started at 2.5 mg per hemodialysis session in 5 patients and 5 mg/session in 10 patients. Exceptionally, one patient received his initial etelcalcetide dosage of 7.5 mg/session, which was titrated during his previous hemodialysis sessions at another dialysis center. The median weekly dosage at T0 was 15 mg [7.5–15]. During the observation period, the median weekly dosage remained unchanged although the interquartile interval gradually narrowed as a result of the progressive drug titration: from 15 mg [9.4–15] at T3 to 15 mg [11.3–15] at T6. The changes in dose at T3 and T6 were: 2.5 mg/session in four patients at T3 and in three patients at T6; 5 mg/session in 10 patients at T3 and in nine patients at T6; 7.5 mg/session in two patients at T3 and in one patient at T6; 10 mg/session in only one patient at T6 and only one patient belonging to group A, at T6, discontinued the treatment due to excessive suppression of PTH values (69 pg/mL) (Figure 1).




3.3. Other Therapies


During time of observation, in both groups, no changes were made to the therapies with chelating agents, either calcium-based (calcium carbonate, calcium acetate/magnesium carbonate) or calcium-free (sevelamer, lanthanum carbonate, sucroferric hydroxide). There were some adjustments in the vitamin D usage in both groups between T3 and T6 (Figure 2). Specifically, in group A the number of patients receiving native vitamin D at T6 decreased from three patients (38%) to two patients (25%), while the opposite trend was observed in patients receiving active vitamin D or analogs (from three patients (38%) at T3 to five patients (63%) at T6). In group B the number of patients receiving native vitamin D remained unchanged (50%, 4 patients), while in patients receiving active vitamin D or analogs it decreased by 25% from T0 to T6 (5/8 patients at T0 and 3/8 at T6).




3.4. Primary Endpoints


The reduction of 30% or more in PTH level from baseline at 6 months occurred in 66.6% of all patients. No statistically significant difference was found between the two groups (p = 0.282; respectively 75% and 50% in group A and group B). The PTH reduction ≥ 40% compared to the baseline value at 6 months was achieved in 46.6% of patients. A significant difference was found, in reaching this endpoint, between the two groups: 75% of patients in group A compared with 13% in group B (p = 0.010) (Figure 3).




3.5. Secondary Endpoints


During the data collection period, the biochemical parameters reported in Table 3 were monitored. In addition to the reduction of the mean and median values of PTH, Ca, P, and ALP, the evaluation of the median percentage changes in PTH, Ca, P, and the assessment of the influence of different factors to achieve therapeutic target of etelcalcetide and its tolerability as well as adverse effects was also performed.




3.6. PTH, Calcium and Phosphorus


In all patients, a general downward trend was seen in all the median values of PTH, Ca, and P (Figure 4). Median PTH levels of all patients dropped by 22% [−3–36] after 3 months and 35% [16–61] after 6 months (p = 0.015). A slight decrease in cCa (2% [−5–9] at T3 and 6% [−6–9] at T6) was observed in all patients, although it was not statistically significant. The analysis of phosphorus values showed slight, transient, and insignificant reductions, mainly at T3, both in the total of patients and in the two subgroups.



When evaluating separately (between group A vs. B), group A showed a statistically significant decrease in the median values and the median percentage changes of PTH than group B at both T3 (p = 0.010 for decreases in median values) and T6 (p = 0.0001 for decreases in median values and p = 0.009 for median percentage changes).



Group B showed a greater and statistically significant percentage median reduction in serum calcium values than group A at T3 (p = 0.028) and, within the group B, a statistically significant decline in iCa at T3 (p = 0.034). A significant reduction in the median values of phosphorus was observed in group B (10% [8–16], against only 1% [−16–9] in group A) between T3 and T0 (p = 0.020) and a similar reduction in the median percentage values at T3.




3.7. Predictive Indices of Achievement of the Desired Therapeutic Targets


The influence of different variables to reach the pre-established endpoints and, more importantly, the therapeutic targets of etelcalcetide were analyzed by using univariate and multivariate logistic regression models. The univariate analysis (Table 4) showed that dialysis vintage ≥ 36 months, AVF as type of vascular access, HDF post modality and basal values of PTH < 1300 pg/mL were the most clinically influential variables in achieving the primary endpoint of PTH reduction ≥ 30% at 6 months, but none of these associations were statistically significant. Even in multivariate regression models no statistically significant associations emerged (Table 5).



The analysis was further deepened with the stepwise method of multivariate regression, inserting all the variables (Table 6) with evidence of a statistically significant association in a positive direction with the basal PTH value < 1300 pg/mL (OR 2.28, 95% CI 1.32–3.96, p = 0.015) and a negative direction with previous cinacalcet treatment (OR 0.47, 95% CI 0.26–0.85, p = 0.031).



Based on the same logistic regression models, the analyses were also carried out for the primary endpoint of PTH reduction ≥ 40% at 6 months. Both the univariate analysis (Table 7) and the multivariate analysis (Table 8) showed a statistically significant positive association between the baseline PTH < 1300 pg/mL and the achievement of the endpoint (p = 0.014 and 0.036 respectively for univariate and multivariate analysis). The multivariate analysis with the stepwise method did not select models superior to the previous analyses.




3.8. Tolerance and Adverse Effects


Throughout the observation period there were no gastrointestinal adverse effects related to etelcalcetide and no cases of mild and/or symptomatic hypocalcemia requiring adjustments or temporary drug discontinuations. Only one patient, belonging to group A, discontinued the treatment due to excessive suppression of PTH values (69 pg/mL).





4. Discussion


Over the 6-month observation, our study allowed us to evaluate the efficacy and tolerability of etelcalcetide despite conventional therapy with calcitriol, paricalcitol, and/or cinacalcet to control SHPT complications developing in hemodialysis patients with PTH levels on average higher than those reported in previous studies [9,10,13,14,15].



At T6, while the PTH levels across all patients consistently showed a downward trend, a greater and statistically significant reduction was observed in the group of patients with lower baseline PTH.



Both the primary endpoint of reduction in PTH ≥ 40% at 6 months and the secondary endpoint of reduction in median PTH values and median percentage reduction in PTH values was significantly achieved by group A. Therapy with etelcalcetide not only reduced PTH levels but also allowed, in the short–medium term, a partial improvement in the control of the other biohumoral parameters of CKD-MBD. The serum levels of iCa and cCa remained stable throughout the observation period and no mild and/or severe hypocalcemia events were reported. The most significant Ca reduction was reported in group B compared to group A. As the severity of SHPT was a predictive factor for the reduction in calcium levels, as suggested by Cunningham et al. [16]; the stabilization of Ca levels in our study could be partly explained by the increase in the dosage of active vitamin D in group A.



A slight, but not statistically significant, decrease in phosphorus levels was observed in all patients and with a greater extent in group B, although no changes in chelating therapies were made. Down trending of phosphorus and calcium levels is probably related to a reduction in bone resorption secondary to improved SHPT due to etelcalcetide therapy, rather than to a direct action of the drug [17,18,19,20,21].



In severe SHPT, bone metabolism is more resistant to PTH action, and thus a higher PTH level than normal is required to induce the bone remodeling process [22,23,24].



This could predispose SHPT patients to adynamic bone disease and reduce calcium levels substantially in the event of reduction, even slight, in PTH values, as found in group B. In a Japanese study by Shigematsu et al., treatment with etelcalcetide resulted in the reduction of some biomarkers of bone turnover. Specifically, a significant and progressive reduction of tartrate-resistant acid phosphatase-b was already seen only after 1 month of treatment with etelcalcetide. In contrast, the level of alkaline phosphatase in the first month of therapy showed an increase and, only after 4 months of therapy, a reduction [14]. This finding could suggest that the reduction in serum PTH levels, induced by treatment with etelcalcetide, reduces bone resorption in the short term and, only subsequently, bone formation. Similar to the Japanese study, the alkaline phosphatase values from our study initially increased; additionally, by extending the observation time, it would probably have been possible to evaluate a progressive reduction.



Based on logistic regression models, our results showed that the effectiveness of etelcalcetide therapy was positively and significantly associated with baseline PTH < 1300 pg/mL and negatively correlated with previous use of cinacalcet. The conversions to intravenous calcimimetic were due to the insufficient therapeutic response or poor adherence to cinacalcet. These patients, who switch from oral to intravenous calcimimetics, are more highly to become tertiary hyperparathyroidism, in which the parathyroid glands present an uncontrolled and autonomous activation resulting in a continuous production of PTH, rendering them refractory to any medical therapy. Unlike primary hyperparathyroidism, hypercalcemia in the tertiary form is thought to be the result of resolution of secondary hyperparathyroidism rather than adenoma formation alone. Many of the mechanisms that drive the formation of tertiary hyperparathyroidism are due to outcomes of secondary hyperparathyroidism and so the tertiary from is said to be a continued progressive hyperparathyroidism.



One of the secondary endpoints was the assessment of the tolerability of etelcalcetide. With the exception of one case in which the suspension of the drug was necessary due to excessive suppression of PTH between the third and sixth month of therapy, no gastrointestinal adverse events or electrolyte disorders were found. The absence of side effects found in the study may be partly due to the under-achievement to reach the maximal treatment dosage and the flexibility in the drug titration comparing to previous clinical trials [9,13,14,16] (such as: personalizing and modifying the treatment on the basis of the biochemical parameters levels, primarily the calcemia values).



Our study has several limitations such as the small number of patients enrolled, the retrospectivity of the data collected and the short observation period, and the personalization and lower rigidity of treatment with etelcalcetide.



The median PTH value (PTH 1300 pg/mL), based on which we decided to divide the patients into two groups, allowed us to evaluate two categories of patients (group A with moderate SHPT, group B with severe SHPT) in which the extent of response to treatment with etelcalcetide was different. In consideration of the preliminary positive results obtained, our study can be considered a pilot study, but further research is necessary to establish a cut-off value to identify patients who are most likely to respond effectively to etelcalcetide therapy. Future research with a larger sample size is required to confirm the PTH cut-off value within which patients should start treatment with etelcalcetide in order to have a better control of the SHPT therapy and, more generally, of the CKD-MBD of patients undergoing hemodialysis treatment.




5. Conclusions


Calcimimetics are the first-line treatment for patients with SHPT characterized by hypercalcemia, mainly of the primary and tertiary type, or with SHPT refractory to therapy with calcitriol or vitamin D analogs [25,26].



Etelcalcetide, with its proven effectiveness and validity to control elevated PTH levels in the treatment of CKD-MBD in patients with ESRD on hemodialysis, is a therapeutic alternative to cinacalcet, especially when adverse effects and/or poor therapeutic adherence related to cinacalcet impairs patient management.



Etelcalcetide initiation at lower PTH will generate higher therapeutic efficacy as with the worsening of SHPT severity, the parathyroid glands become progressively more insensible to the control mechanisms of the synthesis of PTH and medical therapy. In addition, in patients with advanced SHPT, it is desirable to immediately start intravenous treatment with etelcalcetide after a first attempt with conventional therapies, especially in naive patients, never treated with cinacalcet before.
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Figure 1. Changes in etelcalcetide dosage (mg/session) at T0, T3, and T6. 
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Figure 2. Changes in concomitant therapies with chelating agents and vitamin D in the two groups. 






Figure 2. Changes in concomitant therapies with chelating agents and vitamin D in the two groups.



[image: Kidneydial 02 00044 g002]







[image: Kidneydial 02 00044 g003 550] 





Figure 3. Difference between group A and group B in achieving primary endpoints. (A) Reduction in the mean value of PTH ≥ 30% compared with the baseline value at 6 months from the start of treatment with etelcalcetide. (B) Reduction of the mean value of PTH ≥ 40% compared with the baseline value at 6 months from the start of treatment with etelcalcetide. 
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Figure 4. Percent median change in PTH ((A) in all patients, (B) between the two groups), calcium ((C) in all patients, (D) between the two groups) and phosphorus ((E) in all patients, (F) between the two groups). 
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Table 1. Characteristics of the study population. Abbreviations: HD, hemodialysis, bicarbonate dialysis; HDF pre, pre-dilution hemodiafiltration; Post HDF, post-dilution hemodiafiltration. Categorical variables are expressed in number (percent), continuous variables in mean ± standard deviation or, in case of non-Gaussian distribution, in median [interquartile range].






Table 1. Characteristics of the study population. Abbreviations: HD, hemodialysis, bicarbonate dialysis; HDF pre, pre-dilution hemodiafiltration; Post HDF, post-dilution hemodiafiltration. Categorical variables are expressed in number (percent), continuous variables in mean ± standard deviation or, in case of non-Gaussian distribution, in median [interquartile range].





	
Characteristics

	
All Patients

	
Group A

	
Group B

	
p Value




	
(N = 16)

	
(n = 8)

	
(n = 8)






	
Age (years)

	
62 ± 15

	
62 ± 18

	
63 ± 14

	
1.000




	
Gender (M/F)

Dialysis vintage (months)

	
11/5

80 [27–128]

	
6/2

86 [23–128]

	
5/3

80 [29–156]

	
n.s.

0.721




	
Vascular access

	

	

	

	




	
  Fistula (AVF)

	
10 (62.5)

	
4 (50)

	
6 (75)

	
0.608




	
  Central venous catheter (CVC)

	
6 (37.5)

	
4 (50)

	
2 (25)

	
0.608




	
Dialysis modality

	

	

	

	




	
  HD

	
5 (31)

	
3 (37.5)

	
2 (25)

	
1.000




	
  Pre-HDF

	
4 (25)

	
2 (25)

	
2 (25)

	
1.000




	
  Post-HDF

	
7 (44)

	
3 (37.5)

	
4 (50)

	
1.000




	
Dialisate calcium

	

	

	

	




	
  1.25 mEq/L

	
1 (6)

	
0 (-)

	
1 (13.5)

	
1.000




	
  1.5 mEq/L

	
13 (81)

	
6 (75)

	
7 (87.5)

	
1.000




	
  1.65 mEq/L

	
2 (13)

	
2 (25)

	
0 (-)

	
1.000




	
Previous cinacalcet treatment

	
9 (56)

	
7 (88)

	
2 (12)

	
0.041
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Table 2. Baseline values of the biochemical parameters evaluated in the study. Abbreviations: PTH, parathyroid hormone; Ca2+, ionized calcium; cCa, total serum calcium corrected for albumin values; P, phosphorus; Hb, hemoglobin; ALP, alkaline phosphatase. Values are expressed as mean ± standard deviation or, in case of non-Gaussian distribution, as median [interquartile range].






Table 2. Baseline values of the biochemical parameters evaluated in the study. Abbreviations: PTH, parathyroid hormone; Ca2+, ionized calcium; cCa, total serum calcium corrected for albumin values; P, phosphorus; Hb, hemoglobin; ALP, alkaline phosphatase. Values are expressed as mean ± standard deviation or, in case of non-Gaussian distribution, as median [interquartile range].





	
Characteristics

	
All Patients

	
Group A

	
Group B

	
p Value




	
(N = 16)

	
(n = 8)

	
(n = 8)






	
PTH, pg/mL

	
1301 [779–1531]

	
751 [520–875]

	
1540 [1490–1878]

	
0.000




	
Ca2+, mEq/L

	
1.15 ± 0.06

	
1.12 ± 0.04

	
1.18 ± 0.07

	
0.072




	
cCa, mg/dL

	
9.1 ± 0.7

	
8.8 ± 0.5

	
9.4 ± 0.9

	
0.235




	
P, mg/dL

	
5.3 [4.8–6.8]

	
5.7 [4.8–7.1]

	
5.2 [5.0–5.8]

	
0.916




	
Hb, g/dL

	
10.1 ± 1.2

	
10.2 ± 1.3

	
10.0 ± 1.0

	
0.635




	
ALP, UI/L

	
126 [87–143]

	
115 [71–149]

	
127 [92–140]

	
0.958
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Table 3. Mean and median changes in laboratory values at T0, T3, and T6 in all patients and in subgroups A and B. Values are expressed as mean ± standard deviation or, in case of non-Gaussian distribution, as median [interquartile range]. * difference between group A and group B; ** difference in each group between T0 and T3; *** difference in each group between T0 and T6.






Table 3. Mean and median changes in laboratory values at T0, T3, and T6 in all patients and in subgroups A and B. Values are expressed as mean ± standard deviation or, in case of non-Gaussian distribution, as median [interquartile range]. * difference between group A and group B; ** difference in each group between T0 and T3; *** difference in each group between T0 and T6.





	
Heading

	
All Patients

	
Group A

	
Group B

	
p Value *




	
(N = 16)

	
(n = 8)

	
(n = 8)






	
PTH, pg/mL

	

	

	

	




	
  T0

	
1301 [779–1531]

	
751 [520–875]

	
1540 [1490–1878]

	
0.0001




	
  T3

	
951 [478–1417]

	
502 [316–694]

	
1422 [1149–1951]

	
0.010




	
p value **

	
0.083

	
0.023

	
0.640

	




	
  T6

	
849 [283–1415]

	
159 [126–557]

	
1415 [1047–2424]

	
0.0001




	
p value ***

	
0.015

	
0.016

	
0.312

	




	
Ca2+, mEq/L

	

	

	

	




	
  T0

	
1.15 ± 0.06

	
1.12 ± 0.04

	
1.18 ± 0.07

	
0.072




	
  T3

	
1.09 ± 0.07

	
1.12 ± 0.04

	
1.07 ± 0.05

	
0.247




	
p value **

	
0.057

	
1.000

	
0.034

	




	
  T6

	
1.11 ± 0.07

	
1.13 ± 0.09

	
1.10 ± 0.06

	
0.602




	
p value ***

	
0.263

	
0.833

	
0.150

	




	
Ca, mg/dL

	

	

	

	




	
  T0

	
9.1 ± 0.7

	
8.8 ± 0.5

	
9.4 ± 0.9

	
0.235




	
  T3

	
8.8 ± 0.6

	
8.7 ± 0.5

	
8.9 ± 0.5

	
0.574




	
p value **

	
0.222

	
0.779

	
0.205

	




	
  T6

	
8.9 ± 0.6

	
9.0 ± 0.8

	
8.8 ± 0.5

	
0.536




	
p value ***

	
0.348

	
1.000

	
0.312

	




	
P, mg/dL

	

	

	

	




	
  T0

	
5.3 [4.8–6.8]

	
5.7 [4.8–7.1]

	
5.2 [5.0–5.8]

	
0.916




	
  T3

	
5.5 [4.3–6.7]

	
5.9 [5.1–7.9]

	
4.8 [4.3–5.7]

	
0.247




	
p value **

	
0.178

	
0.888

	
0.020

	




	
  T6

	
5.9 [4.6–7.0]

	
5.5 [5.1–6.5]

	
6.5 [4.0–7.0]

	
1.000




	
p value ***

	
0.755

	
0.687

	
1.000

	




	
Hb, g/dL

	

	

	

	




	
  T0

	
10.1 ± 1.2

	
10.2 ± 1.3

	
10.0 ± 1.0

	
0.635




	
  T3

	
10.4 ± 1.2

	
10.3 ± 1.3

	
10.5 ± 1.4

	
0.958




	
p value **

	
0.363

	
0.865

	
0.233

	




	
  T6

	
10.3 ± 1.6

	
10.0 ± 1.4

	
10.5 ± 1.7

	
0.643




	
p value ***

	
1.000

	
0.397

	
0.483

	




	
ALP, UI/L

	

	

	

	




	
  T0

	
126 [87–143]

	
115 [71–149]

	
127 [92–140]

	
0.958




	
  T3

	
121 [63–186]

	
100 [57–164]

	
138 [74–186]

	
0.574




	
p value **

	
0.940

	
0.742

	
1.000

	




	
  T6

	
94 [75–183]

	
80 [68–180]

	
130 [80–172]

	
0.662




	
p value ***

	
0.104

	
0.437

	
0.195
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Table 4. Univariate logistic regression to achievement of PTH reduction endpoint ≥ 30% at 6 months. OR, odds ratio; CI, confidence interval.
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	Variables
	OR (95% CI)
	p Value





	Age
	0.98 (0.90–1.05)
	0.575



	Age ≥ 65 years
	0.17 (0.01–1.66)
	0.165



	Dialysis vintage
	1.00 (0.99–1.01)
	0.789



	Dialysis vintage ≥ 36 months
	1.56 (0.15–15.45)
	0.699



	AVF (Vs CVC)
	1.00 (0.10–9.12)
	1.000



	HDF (Vs HD)
	0.58 (0.02–6.60)
	0.682



	HDF post (Vs HDF pre)
	2.50 (0.19–38.62)
	0.482



	Basal PTH
	1.00 (0.99–1.00)
	0.557



	Basal PTH < 1300 pg/mL
	6.00 (0.60–143.41)
	0.165



	Basal P
	1.22 (0.69–2.71)
	0.543



	Basal P < 6 mg/dL
	1.00 (0.04–14.01)
	1.000



	Previous cinacalcet treatment
	0.67 (0.06–5.88)
	0.715
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Table 5. Multivariate logistic regression to achievement of PTH reduction endpoint ≥ 30% at 6 months. OR, odds ratio; CI, confidence interval.
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	Variables
	OR (95% CI)
	p Value





	Age
	0.99 (0.97–1.02)
	0.656



	Dialysis vintage
	1.00 (0.99–1.00)
	0.835



	HDF (Vs HD)
	0.93 (0.44–1.96)
	0.850



	Basal PTH < 1300 pg/mL
	1.46 (0.82–2.60)
	0.232



	Basal P < 6 mg/dl
	1.03 (0.43–2.44)
	0.950
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Table 6. Multivariate regression with stepwise model to achievement of PTH reduction endpoint ≥ 30% at 6 months. OR, odds ratio; CI, confidence interval.
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	Variables
	OR (95% CI)
	p Value





	Age
	0.99 (0.97–1.00)
	0.125



	HDF (Vs HD)
	0.71 (0.43–1.17)
	0.208



	Basal PTH < 1300 pg/mL
	2.28 (1.32–3.96)
	0.015



	Previous cinacalcet treatment
	0.47 (0.26–0.85)
	0.031
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Table 7. Univariate logistic regression to achievement of PTH reduction endpoint ≥ 40% at 6 months. OR, odds ratio; CI, confidence interval.
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	Variables
	OR (95% CI)
	p Value





	Age
	0.99 (0.92–1.06)
	0.788



	Age ≥ 65 years
	0.45 (0.05–3.49)
	0.450



	Dialysis vintage
	1.00 (0.99–1.01)
	0.724



	Dialysis vintage ≥ 36 months
	6.00 (0.60–143.41)
	0.165



	AVF (Vs CVC)
	0.80 (0.09–6.61)
	0.833



	HDF (Vs HD)
	0.83 (0.08–9.16)
	0.876



	HDF post (Vs HDF pre)
	4.00 (0.31–107.05)
	0.317



	Basal PTH
	0.99 (0.98–0.99)
	0.043



	Basal PTH < 1300 pg/mL
	42.00 (3.20–1719.16)
	0.014



	Basal P
	0.97 (0.54–1.67)
	0.898



	Basal P < 6 mg/dL
	2.0 (0.15–50.23)
	0.609



	Previous cinacalcet treatment
	4.17 (0.52–45.67)
	0.199
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Table 8. Multivariate logistic regression to achievement of PTH reduction endpoint ≥ 40% at 6 months. OR, odds ratio; CI, confidence interval.
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	Variables
	OR (95% CI)
	p Value





	Age
	0.92 (0.71–1.07)
	0.409



	Dialysis vintage
	1.00 (0.98–1.02)
	0.872



	HDF (Vs HD)
	1.28 (0.01–227.95)
	0.910



	Basal PTH < 1300 pg/mL
	84.09 (3.64–50,122.75)
	0.036



	Basal P < 6 mg/dL
	9.04 (0.05–16,558.80)
	0.457
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