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Abstract: Introduction: secondary hyperparathyroidism (SHP) is frequent in patients with chronic
kidney disease (CKD), particularly in those in dialysis. To treat this complication, the current options
available include phosphorus restriction, phosphate binders, the inhibition of parathyroid hormone
(PTH) synthesis and secretion by the supplementation of vitamin D or VDR activators, or the use of
calcimimetics. Beyond the control of PTH, the effects of the treatment of SHP on other biomarkers of
risk may represent an additional benefit for this population. In this study, we explore the benefits of
current SHP treatment options, mainly paricalcitol and/or etelcalcetide in the inflammatory state
of hemodialysis (HD) patients. Results: the study finally included 142 maintenance HD patients
(5 patients were excluded) followed for 6 months (dialysis vintage 26 ± 30 months, mean age 70 years
old, 73% women, 81% Spanish white, 47% diabetic). In this case, 52 patients were on regular treatment
with paricalcitol for SHP and 25 patients were eligible to initiate etelcalcetide. The baseline serum
levels of Ca, P, PTH, Ferritin, albumin, C-reactive protein (CRP), and other variables were measured.
We found serum PTH levels showed an improvement after the treatment with etelcalcetide again
paricalcitol and no treatment (p < 0.04). Of note, serum levels of CRP were significantly lower in
a small group of patients (n = 11) receiving paricalcitol + etelcalcetide compared to paricalcitol or
etelcalcetide alone. The proportion of patients with CRP within target ranges (≤1.0 mg/dL) increased
significantly after combined treatment (p < 0.001). Conclusions: etelcalcetide proved to safely reduce
the PTH levels without significant adverse events and the possibility of a synergic anti-inflammatory
effect with the simultaneous use of Paricalcitol in HD patients.

Keywords: calcimimetics; vitamin D analogs; chronic kidney disease; inflammation

1. Introduction

Secondary hyperparathyroidism (SHP) is an important complication in patients suffer-
ing from chronic kidney disease (CKD), particularly in those receiving renal replacement
treatments [1,2]. Elevated serum parathyroid hormone (PTH) contributes to bone and
cardiovascular disorders and has been independently associated with all-cause and cardio-
vascular mortality in CKD patients [3]. The current treatment options for SHP consist of
the oral administration of phosphate binders, oral or intravenous (IV) calcitriol, or vitamin
D analogs (Paricalcitol), the oral calcimimetic agent Cinacalcet, and the more recently IV
Etelcalcetide [4,5]. The treatment with paricalcitol or cinacalcet has been associated with a
favorable effect on cardiovascular disease in CKD [6]. On the contrary, although treatment
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with vitamin D sterols may decrease plasma levels of PTH often raises serum calcium
and/or phosphorus concentrations, changes that have been implicated in the development
of soft tissue and cardiovascular calcification in patients undergoing dialysis [7]. In contrast,
calcimimetic agents such as cinacalcet or etelcalcetide reduce plasma PTH levels while
modestly lowering serum calcium and phosphorus concentrations [8].

In patients with CKD, manifestations of cardiovascular disease can be broadly divided
into those affecting the myocardium and those affecting the blood vessels. Moreover,
these processes are not mutually exclusive. Traditional risk factors for atherosclerotic
are insufficient to explain this vastly increased risk. Therefore, the contribution of CKD-
specific cardiac risk factors has been postulated including anemia, abnormal bone mineral
metabolism, oxidative stress, and chronic inflammation.

Beyond the control of PTH, the effects of the treatment of SHP on other biomarkers of
risk may represent an additional benefit in the CKD population. Thus, systemic inflam-
mation plays a major role in the development of atherosclerosis leading to coronary heart
disease. C-reactive protein (CRP) is an established marker of systemic inflammation in the
general population and patients affected by renal disease. In this study, we explore the
benefits of current SHP treatment options, mainly paricalcitol and/or etelcalcetide in the
inflammatory state of hemodialysis (HD) patients.

2. Materials and Methods
2.1. Patients

This was an observational study that evaluated a total population of 147 maintenance
HD patients in the dialysis unit of Consorci Sanitari del Alt Penedes Garraf in Barcelona,
Spain. The patients that meet the criteria by their nephrologist doctor in charge were eligible
to initiate etelcalcetide (HD for ≥3 months with PTH >300 pg/mL, PTH 150–300 pg/mL
with calcium-phosphorus product >50 mg2/dL2 or Cinacalcet intolerance). Additionally,
other inclusion criteria were, age ≥18 years at the time of signing informed consent and
a life expectancy higher than 1 year. As exclusion criteria, beyond those mentioned in
inclusion, patients with an active inflammatory process such as infection, active cancer,
or others inflammatory states were excluded. Finally, 142 patients sign their consent to
participate (4 patients that reject to sign and 1 patient with active infection were excluded),
and the study was approved by the research committee of the hospital.

As a primary outcome, we evaluate the changes in calcium, phosphorus, and PTH
serum levels. Additionally, we evaluate the CRP, ferritin, and albumin serum levels as
biomarkers of inflammation.

2.2. Treatment

The main reason for initiating the treatment with etelcalcetide was inadequate to
control of PTH. The starting dose of etelcalcetide was 2.5 mg IV three times weekly (TIW)
given at the end of the hemodialysis session. Depending on serum PTH (>300 pg/mL)
and calcium (>8.3 mg/dL), the dose was increased by 2.5 or 5 mg at 4-week intervals to a
maximum dose of 15 mg TIW. Patients controlled (PTH 150-300 pg/)mL under paricalcitol
treatment were kept on the same habitual doses (2 and 5 mg) during the HD sessions. Some
patients without PTH control were switched to etelcalcetide or in some cases etelcalce-
tide was added to the treatment with paricalcitol (those with higher serum PTH levels).
Most subjects were receiving stable doses of calcium supplements, phosphate binders,
and/or calcitriol or active vitamin D analogs with an albumin-corrected serum calcium of
8.3 mg/dL.

2.3. Statistical Analyses

The qualitative variables are shown as absolute and relative frequencies. The chi-
square (χ2) test was used to determine the association between variables. Quantitative
variables are shown as the mean and standard deviation (SD). The Kolmogorov-Smirnov
test was applied to check the normality of variable distribution. The Student’s t-test for
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independent samples or paired samples (as in the case of comparisons of inflammatory
markers between baseline and 6 months after treatment) was applied for variables following
a normal distribution when there were two groups of comparison. The non-parametrical
equivalent (Wilcoxon test) was applied for variables showing a not normal distribution. The
SPSS version 19.0 (IBM Corp., Armonk, NY, USA) for Windows was used for all statistical
tests. A p value < 0.05 was considered significant.

3. Results

The patients were followed for 6 months. We finally include 142 maintenance HD
patients (dialysis vintage 26 ± 30 months, mean age 70 years old, 73% women, 81% Spanish
white, 47% diabetic), 52 patients were on regular treatment with paricalcitol for SHP and
25 patients were eligible to initiate etelcalcetide. The baseline serum levels of Ca, P, PTH,
Ferritin, albumin, CRP, and other variables were measured and resumed in Table 1. Most
subjects were receiving stable doses of calcium supplements, phosphate binders, and/or
calcitriol or active vitamin D analogs.

Table 1. The baseline of the general and other groups with analytical characteristics of the patients.

Variable
Total (n = 142) Paricalcitol (n = 52) Etelcalcetide (n = 25) Paricalcitol +

Etelcalcetide (n = 11)

Mean/% SD Mean/% SD Mean/% SD Mean/% SD

Age (year) 70 7 72 9 67 7 64 6

Women 73% - 52% - 67% - 76% -

Race: Spanish White 81% - 70% - 80% - 90% -

Diabetes 47% - 52% - 61% - 88% -

Hypertension 42% - 70% - 84% - 82% -

Dialysis vintage (months) 26 30 30 18 38 15 36 12

Serum Hb (gr/dL) 11.3 12.9 11.1 4.7 11.9 2.1 11.5 1.1

Serum PTH (pg/mL) 362.1 364.0 356.7 440 743.5 502.4 862.9 402.4

Serum Calcium
(alb-corrected) (mg/dL) 8.4 0.6 8.7 2.3 9.0 0.9 8.9 0.6

Serum Phosphate
(mg/dL) 4.5 1.1 4.3 3.1 5.3 2.2 5.5 2.1

Serum Albumin (gr/L) 3.3 0.3 3.4 0.4 3.4 0.3 3.3 0.2

Serum Magnesium
(mg/dL) 2.2 0.3 2.1 0.2 2.4 0.4 2.4 0.3

Serum Phosphatase
alkaline (IU/L) 106.2 58.6 110.3 70.1 114.1 28.3 102.1 41.3

Serum CRP (mg/dL) 1.1 1.4 1.3 1.8 1.1 1.9 1.7 2.1

Serum Ferritin (mg/dL) 767.9 447.0 767.2 411.1 899.7 79.3 803.5 98.1

Vitamin D (ng/mL) 12.6 5.3 12.1 7.3 13.3 4.8 8.2 7.1

Use of vitamin D sterols 57% - 64% - 69% - 83% -

Use of phosphate binders 79% - 85% - 92% - 94% -

SD, standard deviation; HB; hemoglobin; PTH; parathyroid hormone; Alb; albumin; CRP; c-reactive protein.

After the following period, there were no significant changes in Ca, P, and other
variables. However, serum PTH levels showed an improvement after the treatment with
etelcalcetide. All patients treated with etelcalcetide (n = 25) received a starting dose
of 2.5 mg TIW after the HD sessions, with a most frequent weekly dose of 10 mg at
baseline and at 6-month follow-up, respectively. In the etelcalcetide group, the PTH levels
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decreased significantly from 743.5 (±502.4) pg/mL at baseline to 371 (±307) pg/mL at
month 6 of follow-up (p < 0.04), compared to paricalcitol treatment and no treatment
(Figure 1). In the group receiving paricalcitol, although the PTH levels decreased, do not
reach statistical significance compared to those patients without SHP treatment. Calcium
and phosphorus levels decreased scarcely in the etelcalcetide group from 9.0 ± 0.9 mg/dL
to 8.9 ± 0.4 mg/dL and 5.3 ± 2.2 mg/dL to 4.9 ± 0.3 mg/dL at the end of the study. Of note,
serum levels of CRP were significantly lower in a small group of patients (n = 11) receiving
paricalcitol + etelcalcetide compared to paricalcitol or etelcalcetide alone (Table 2). The
proportion of patients with CRP within target ranges (≤1.0 mg/dL) increased significantly
after combined treatment (p < 0.001) (Figure 2). Changes in serum ferritin and albumin
levels did not reach statistical significance.
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Figure 1. The percentage of decreased PTH values after 6 months of treatment. * PTH % decreased
by Etelcalcetide vs. Paricalcitol & no treatment; p < 0.04. PTH; Parathyroid hormone.

Table 2. The changes of inflammatory serum biomarkers at baseline and after 6 months of treatment.

Treatment

Ferritin (mg/dL) Albumin (gr/L) CRP (mg/dL)

Baseline
(m) SD 6 mo (m) SD Baseline

(m) SD 6 mo (m) SD Baseline
(m) SD 6 mo (m) SD

General
population 767.9 447.0 763.8 424.3 3.3 0.3 3.4 0.3 1.1 1.4 1.4 1.4

Paricalcitol 767.2 411.1 824.3 398.5 3.4 0.4 3.3 0.3 1.2 1.8 1.5 1.4

Etelcalcetide 899.7 79.3 802.2 83.3 3.4 0.3 3.4 0.4 1.0 1.9 1.2 1.5

Etelcalcetide +
Paricalcitol 803.5 98.1 775.4 88.7 3.3 0.2 3.3 0.4 1.7 2.1 1.1 * 1.3

The values are represented by mean and SD. * (CRP changes at Baseline vs. 6 months; p < 0.04). CRP; C-Reactive
protein. Mo; months.

Adverse drug reactions (i.e., events considered related to etelcalcetide) were mainly
in those patients with SHP and very high levels of PTH. Asymptomatic hypocalcemia
<7.5 mg/dL was observed in 3 cases, which led to a reduced dose of etelcalcetide with
subsequent recovery (15 mg to 5 mg/session). One of these patients, treated with both
etelcalcetide and paricalcitol, reported gastrointestinal symptoms (abdominal discomfort
without nausea).
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4. Discussion

The key findings of this study were: 1.—Etelcalcetide proved to reduce PTH levels in
HD patients with severe SHP; 2.—No significant adverse events were reported; 3.—The pos-
sibility of a synergic anti-inflammatory effect with the simultaneous IV uses of paricalcitol
and etelcalcetide.

As we comment earlier, for the treatment of SHP the current options include: dietary
phosphorus restriction, the use of phosphate binders; the inhibition of PTH synthesis and
secretion by the supplementation of calcitriol or other VDR activators (VDRAs), or the use
of calcimimetics; and surgical parathyroidectomy, which is a reserved option in refractory
cases after pharmacotherapy has failed [9].

The pleiotropic effects of drugs used to control SHP in CKD patients have been
reported. Phosphate binders, specifically non-calcium containers as proven to reduce serum
uric acid, and inflammation, improve lipids and bone profile, and positive changes in iron-
related parameters. In addition, it can attenuate the progression of vascular calcification
and epicardial fat deposits in dialysis-dependent patients [10–14].

Investigations have shown that 25-OH-D has pleiotropic effects on the immune system
and a possible benefit in patients with chronic inflammatory states [15]. The 25-OH-D
deficit has been related to a greater prevalence of cancer and cardiovascular disease [16,17].
Likewise, CKD patients present a truly chronic inflammation state, which plays a major
role in the high rate of morbi-mortality events. This uremic-related inflammatory state
can be determined by classic biochemical parameters (albumin, ferritin, or CRP). As we
comment previously, high CRP levels are a strong predictor of cardiovascular events and
mortality. CRP may contribute directly to the pathogenesis of atherosclerosis. It does so by
three mechanisms. First, CRP binds to injury cells and activates the complement system.
Second, it also displays calcium-dependent in vitro binding and aggregation of low-density
lipoprotein and very-low-density lipoprotein. Furthermore, it is a potent stimulator of
tissue factor production by monocytes, and the effect is augmented in the presence of other
inflammatory mediators [18].

Beyond the control of SHP, a recent study in 45 stable HD patients showed that
correcting 25-OH-D deficiency with low doses of oral vitamin D analogs (calcifediol) is
associated with an improvement in inflammatory status [19]. Other investigations reported
similar results [20,21]. The use of Paricalcitol leads to improve markers that are linked to the
progression of CKD. Thus, paricalcitol-induced reduction in albuminuria and inflammation
has been reported and, this pleiotropic benefit may be mediated independently of its effects
on hemodynamics or PTH suppression [22,23].
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Calcimimetics are a novel class of agents for the treatment of SHP in dialysis patients.
These agents allosterically bind and activate the calcium-sensing receptor (CaSR), increasing
the response of the receptor to serum calcium (orthosteric agonist) [24]. In HD patients
with moderate-severe SHP, the ADVANCE study showed that the treatment with cinacalcet
in combination with low-dose VDRAs attenuated the progression of vascular and valvular
calcification over 52 weeks of following compared to a treatment regimen based on flexible
doses of a VDRA alone [25]. Similarly, in the double-blind EVOLVE trial conducted in a
large cohort of dialysis patients (n = 3.883) with SHP, those treated with cinacalcet on top of
standard care showed better control and lower risk of developing severe unremitting SHP
compared to the placebo group [26]. Etelcalcetide, a synthetic peptide agonist of the CaSR
mainly differs from cinacalcet because it shows mild gastrointestinal symptoms, nausea,
and vomiting. In addition to decreasing PTH itself, some studies suggest that etelcalcetide
effectively improves bone turnover in patients with CKD undergoing HD with severe
SHP [27]. Moreover, lowered fibroblast growth factor 23 (FGF-23), and this reduction may
occur via improvements in phosphate and calcium [28]. There is growing evidence showing
that etelcalcetide effectively lowered serum PTH, calcium, and phosphate, irrespective of
the severity of SHP [27]. Finally, in adenine rat models of kidney disease, etelcalcetide
and paricalcitol similarly attenuated the progression of SHP. Nevertheless, etelcalcetide
differentially prevented vascular calcification, at least in part, due to reductions in serum
FGF-23, calcium, and phosphorus levels [29].

To our knowledge, this is the first report showing that a combination of the etelcalcetide
and paricalcitol has a possible synergic benefit effect in chronic inflammation in HD patients.
However, our study has several limitations. The most important is the lack of determination
of more serum inflammation (IL-6, IL-10, IL-18, TNF-α), bone metabolic (FGF-23 and bone
alkaline phosphatase), and uremia markers. Another drawback might be the lack of a
more precise measurement of serum CRP using a high-sensitivity assay and the central
laboratory measurements of PTH, calcium, phosphate, albumin, and ferritin. Moreover, we
did not control dietary phosphate intake or the use of phosphate binders.

5. Conclusions

Patients with CKD are at high risk of premature cardiovascular complications. Tra-
ditional cardiovascular risk factors do not fully account for the cardiorenal burden in
CKD. Thus, nontraditional risk factors such as uremia and chronic inflammation impact
the unique cardiovascular risk burden of patients with CKD. In conclusion, as the first
intravenous calcimimetic, etelcalcetide has proved its safety and efficacy in randomized
clinical trials, although the real-world experience reminds limited. Even though a direct
association or synergic effects of the SHP treatment beyond PTH control has not been
reported with the combination of etelcalcetide and paricalcitol, the significant decrease
of CRP appears to support the notion that the chronic inflammation state in HD patients
could be improved. Finally, long-term randomized and controlled trials are required to
confirm these benefits for renal-affected patients.

Author Contributions: Conceptualization, L.D., V.B. and F.D.; Methodology, A.C.-R. and M.N.;
Formal analysis, D.G.; Investigation, L.D., J.S. and V.B.; Resources, V.B.; Data curation, C.S.; Supervi-
sion, C.S.; Funding acquisition, F.D. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This observational study was approved by the Institutional
Review Board of the Consorci Sanitari del Alt Penedes-Garraf.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request.

Conflicts of Interest: The author declares no conflict of interest.



Healthcare 2023, 11, 72 7 of 8

References
1. Torres, P.A.U.; De Broe, M. Calcium-Sensing Receptor, Calcimimetics, and Cardiovascular Calcifications in Chronic Kidney

Disease. Kidney Int. 2012, 82, 19–25. [CrossRef] [PubMed]
2. Levin, A.; Bakris, G.L.; Molitch, M.; Smulders, M.; Tian, J.; Williams, L.A.; Andress, D.L. Prevalence of Abnormal Serum Vitamin

D, PTH, Calcium, and Phosphorus in Patients with Chronic Kidney Disease: Results of the Study to Evaluate Early Kidney
Disease. Kidney Int. 2007, 71, 31–38. [CrossRef] [PubMed]

3. Herzog, C.A.; Asinger, R.W.; Berger, A.K.; Charytan, D.M.; Díez, J.; Hart, R.G.; Eckardt, K.-U.; Kasiske, B.L.; McCullough, P.A.;
Passman, R.S.; et al. Cardiovascular Disease in Chronic Kidney Disease. A Clinical Update from Kidney Disease: Improving
Global Outcomes (KDIGO). Kidney Int. 2011, 80, 572–586. [CrossRef] [PubMed]

4. Eidman, K.E.; Wetmore, J.B. Treatment of secondary hyperparathyroidism: How do cinacalcet and etelcalcetide differ? Semin.
Dial. 2018, 31, 440–444. [CrossRef]

5. Brown, A.J.; Dusso, A.S.; Slatopolsky, E. Vitamin D analogs for Secondary Hyperparathyroidism. Nephrol. Dial. Transplant. 2002,
17 (Suppl.1), 10–19. [CrossRef]

6. Hu, X.; Shang, J.; Yuan, W.; Zhang, S.; Jiang, Y.; Zhao, B.; Duan, Y.; Xiao, J.; Zhao, Z. Effects of Paricalcitol on Cardiovascular
Outcomes and Renal Function in Patients with Chronic Kidney Disease: A Meta-Analysis. Herz 2018, 43, 518–528. [CrossRef]

7. Brickman, A.S.; Hartenbower, D.L.; Norman, A.W.; Coburn, J.W. Actions of 1 Alpha-Hydroxyvitamin D3 and 1,25-
Dihydroxyvitamin D3 on Mineral Metabolism in Man. I. Effects on Net Absorption of Phosphorus. Am. J. Clin. Nutr.
1977, 30, 1064–1069. [CrossRef]

8. Block, G.A.; Chertow, G.M.; Sullivan, J.T.; Deng, H.; Mather, O.; Tomlin, H.; Serenko, M. An Integrated Analysis of Safety and
Tolerability of Etelcalcetide in Patients Receiving Hemodialysis with Secondary Hyperparathyroidism. PLoS ONE 2019, 14,
e0213774. [CrossRef]

9. Friedl, C.; Zitt, E. Role of Etelcalcetide in the Management of Secondary Hyperparathyroidism in Hemodialysis Patients: A
Review on Current Data and Place in Therapy. Drug Des. Dev. Ther. 2018, 12, 1589–1598. [CrossRef]

10. Chennasamudram, S.P.; Noor, T.; Vasylyeva, T.L. Comparison of Sevelamer and Calcium Carbonate on Endothelial Function and
Inflammation in Patients on Peritoneal Dialysis. J. Ren. Care 2013, 39, 82–89. [CrossRef]

11. Ko, S.M.; Zhang, C.; Chen, Z.; D’Marco, L.; Bellasi, A.; Stillman, A.E.; Block, G.; Raggi, P. Epicardial Adipose Tissue Volume
Increase in Hemodialysis Patients Treated with Sevelamer or Calcium-Based Phosphate Binders: A Substudy of the Renagel in
New Dialysis Trial. J. Nephrol. 2016, 29, 683–690. [CrossRef]

12. Koiwa, F.; Yokoyama, K.; Fukagawa, M.; Akizawa, T. Evaluation of Changes in Ferritin Levels during Sucroferric Oxyhydroxide
Treatment. Clin. Kidney J. 2018, 12, 294–299. [CrossRef]

13. Otsuki, T.; Utsunomiya, K.; Moriuchi, M.; Horikoshi, S.; Okamura, M.; Suzuki, H.; Okamura, M.; Maruyama, N.; Shibahara, N.;
Abe, M. Effect of Sucroferric Oxyhydroxide on Fibroblast Growth Factor 23 Levels in Hemodialysis Patients. Nephron 2018, 140,
161–168. [CrossRef]

14. Chang, Y.-M.; Tsai, S.-C.; Shiao, C.-C.; Liou, H.-H.; Yang, C.-L.; Tung, N.-Y.; Hsu, K.-S.; Chen, I.-L.; Liu, M.-C.; Kao, J.-L.; et al.
Effects of Lanthanum Carbonate and Calcium Carbonate on Fibroblast Growth Factor 23 and Hepcidin Levels in Chronic
Hemodialysis Patients. Clin. Exp. Nephrol. 2016, 21, 908–916. [CrossRef]

15. Rojas-Rivera, J.; De La Piedra, C.; Ramos, A.; Ortiz, A.; Egido, J. The Expanding Spectrum of Biological Actions of Vitamin D.
Nephrol. Dial. Transplant. 2010, 25, 2850–2865. [CrossRef]

16. Skaaby, T.; Husemoen, L.L.N.; Thuesen, B.H.; Pisinger, C.; Jørgensen, T.; Roswall, N.; Larsen, S.C.; Linneberg, A. Prospective
Population-Based Study of the Association between Serum 25-Hydroxyvitamin-D Levels and the Incidence of Specific Types of
Cancer. Cancer Epidemiol. Biomark. Prev. 2014, 23, 1220–1229. [CrossRef]

17. Anderson, J.L.; May, H.T.; Horne, B.D.; Bair, T.L.; Hall, N.L.; Carlquist, J.F.; Lappé, D.L.; Muhlestein, J.B.; Intermountain Heart
Collaborative (IHC) Study Group. Relation of Vitamin D Deficiency to Cardiovascular Risk Factors, Disease Status, and Incident
Events in a General Healthcare Population. Am. J. Cardiol. 2010, 106, 963–968. [CrossRef]

18. Arici, M.; Walls, J. End-Stage Renal Disease, Atherosclerosis, and Cardiovascular Mortality: Is C-Reactive Protein the Missing
Link? Kidney Int. 2001, 59, 407–414. [CrossRef]

19. López, R.O.; de Motta, E.E.; Carmona, A.; Montemayor, V.G.; Berdud, I.; Malo, A.M.; García, P.A. Correction of 25-OH-Vitamin
D Deficiency Improves Control of Secondary Hyperparathyroidism and Reduces the Inflammation in Stable Haemodialysis
Patients. Nefrologia 2018, 38, 41–47.

20. Matias, P.J.; Jorge, C.; Ferreira, C.; Borges, M.; Aires, I.; Amaral, T.; Gil, C.; Cortez, J.; Ferreira, A. Cholecalciferol Supplementation
in Hemodialysis Patients: Effects on Mineral Metabolism, Inflammation, and Cardiac Dimension Parameters. Clin. J. Am. Soc.
Nephrol. 2010, 5, 905–911. [CrossRef]

21. Bucharles, S.; Barberato, S.H.; Stinghen, A.; Gruber, B.; Piekala, L.; Dambiski, A.C.; Custodio, M.R.; Pecoits-Filho, R. Impact
of Cholecalciferol Treatment on Biomarkers of Inflammation and Myocardial Structure in Hemodialysis Patients Without
Hyperparathyroidism. J. Ren. Nutr. 2012, 22, 284–291. [CrossRef] [PubMed]

22. Alborzi, P.; Patel, N.A.; Peterson, C.; Bills, J.E.; Bekele, D.M.; Bunaye, Z.; Light, R.P.; Agarwal, R. Paricalcitol Reduces Albuminuria
and Inflammation in Chronic Kidney Disease: A Randomized Double-Blind Pilot Trial. Hypertens 2008, 52, 249–255. [CrossRef]
[PubMed]

http://doi.org/10.1038/ki.2012.69
http://www.ncbi.nlm.nih.gov/pubmed/22437409
http://doi.org/10.1038/sj.ki.5002009
http://www.ncbi.nlm.nih.gov/pubmed/17091124
http://doi.org/10.1038/ki.2011.223
http://www.ncbi.nlm.nih.gov/pubmed/21750584
http://doi.org/10.1111/sdi.12734
http://doi.org/10.1093/ndt/17.suppl_10.10
http://doi.org/10.1007/s00059-017-4605-y
http://doi.org/10.1093/ajcn/30.7.1064
http://doi.org/10.1371/journal.pone.0213774
http://doi.org/10.2147/DDDT.S134103
http://doi.org/10.1111/j.1755-6686.2013.12009.x
http://doi.org/10.1007/s40620-016-0310-9
http://doi.org/10.1093/ckj/sfy077
http://doi.org/10.1159/000490903
http://doi.org/10.1007/s10157-016-1362-9
http://doi.org/10.1093/ndt/gfq313
http://doi.org/10.1158/1055-9965.EPI-14-0007
http://doi.org/10.1016/j.amjcard.2010.05.027
http://doi.org/10.1046/j.1523-1755.2001.059002407.x
http://doi.org/10.2215/CJN.06510909
http://doi.org/10.1053/j.jrn.2011.07.001
http://www.ncbi.nlm.nih.gov/pubmed/21908203
http://doi.org/10.1161/HYPERTENSIONAHA.108.113159
http://www.ncbi.nlm.nih.gov/pubmed/18606901


Healthcare 2023, 11, 72 8 of 8

23. Navarro-Gonzalez, J.F.; Donate-Correa, J.; Méndez, M.L.; De Fuentes, M.M.; García-Pérez, J.; Mora-Fernández, C. Anti-
Inflammatory Profile of Paricalcitol in Hemodialysis Patients: A Prospective, Open-Label, Pilot Study. J. Clin. Pharmacol.
2013, 53, 421–426. [CrossRef] [PubMed]

24. Block, G.A.; Martin, K.J.; de Francisco, A.L.; Turner, S.A.; Avram, M.M.; Suranyi, M.G.; Hercz, G.; Cunningham, J.; Abu-Alfa, A.K.;
Messa, P.; et al. Cinacalcet for Secondary Hyperparathyroidism in Patients Receiving Hemodialysis. N. Engl. J. Med. 2004, 350,
1516–1525. [CrossRef]

25. Raggi, P.; Chertow, G.M.; Torres, P.U.; Csiky, B.; Naso, A.; Nossuli, K.; Moustafa, M.; Goodman, W.G.; Lopez, N.; Downey, G.; et al.
The ADVANCE study: A randomized study to evaluate the effects of cinacalcet plus low-dose vitamin D on vascular calcification
in patients on hemodialysis. Nephrol. Dial. Transplant. 2010, 26, 1327–1339. [CrossRef]

26. Parfrey, P.S.; Chertow, G.M.; Block, G.A.; Correa-Rotter, R.; Drüeke, T.B.; Floege, J.; Herzog, C.A.; London, G.M.; Mahaffey, K.W.;
Moe, S.M.; et al. The Clinical Course of Treated Hyperparathyroidism among Patients Receiving Hemodialysis and the Effect of
Cinacalcet: The Evolve Trial. J. Clin. Endocrinol. Metab. 2013, 98, 4834–4844. [CrossRef]

27. Cunningham, J.; Block, G.A.; Chertow, G.M.; Cooper, K.; Evenepoel, P.; Iles, J.; Sun, Y.; Ureña-Torres, P.; Bushinsky, D.A.
Etelcalcetide Is Effective at All Levels of Severity of Secondary Hyperparathyroidism in Hemodialysis Patients. Kidney Int. Rep.
2019, 4, 987–994. [CrossRef]

28. Shigematsu, T.; Fukagawa, M.; Yokoyama, K.; Akiba, T.; Fujii, A.; Odani, M.; Akizawa, T. Effects of the Intravenous Calcimimetic
Etelcalcetide on Bone Turnover and Serum Fibroblast Growth Factor 23: Post Hoc Analysis of an Open-label Study. Clin. Ther.
2018, 40, 2099–2111. [CrossRef]

29. Yu, L.; Tomlinson, J.E.; Alexander, S.T.; Hensley, K.; Han, C.-Y.; Dwyer, D.; Stolina, M.; Dean, C.; Goodman, W.G.; Richards, W.G.;
et al. Etelcalcetide, A Novel Calcimimetic, Prevents Vascular Calcification in A Rat Model of Renal Insufficiency with Secondary
Hyperparathyroidism. Calcif. Tissue Int. 2017, 101, 641–653. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1002/jcph.19
http://www.ncbi.nlm.nih.gov/pubmed/23426718
http://doi.org/10.1056/NEJMoa031633
http://doi.org/10.1093/ndt/gfq725
http://doi.org/10.1210/jc.2013-2975
http://doi.org/10.1016/j.ekir.2019.04.010
http://doi.org/10.1016/j.clinthera.2018.10.016
http://doi.org/10.1007/s00223-017-0319-7

	Introduction 
	Materials and Methods 
	Patients 
	Treatment 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

