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secondary hyperparathyroidism (SHPT), bone ab‑
normalities, and vascular calcification in patients 
with chronic kidney disease (CKD) are the compo‑
nents of chronic kidney disease–mineral bone dis‑
order (CKD‑MBD).1-3 This systemic disorder sig‑
nificantly contributes to the morbidity and mor‑
tality of patients with CKD.4-6 

SHPT (intact parathyroid hormone [iPTH] lev‑
el >300 pg/ml) is diagnosed in 30% to 49% of dia‑
lyzed patients in Europe and even in 54% of those 
in the United States and Canada).7 The diagnosis 

Introduction  With progressive renal impair‑
ment and worsening of renal excretory function, 
the disorders of calcium and phosphorus metab‑
olism become more severe. The increasing reduc‑
tion of glomerular filtration results in lower phos‑
phate excretion and, consequently, hyperphos‑
phatemia. Phosphorus anions bond serum calci‑
um cations, which leads to a reduction of ionized 
calcium levels. At the same time, a sustained high 
phosphate level inhibits vitamin D3 synthesis. The 
disorders of calcium and phosphorus metabolism, 
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Abstract

Introduction  Secondary hyperparathyroidism (SHPT) is a common hormonal disorder associated 
with chronic kidney disease (CKD). The treatment of SHPT should lead to a reduction in parathormone 
concentrations by calcimimetics or active vitamin D administration and stabilization of calcium and 
phosphate metabolism. In the event of failure of conservative treatment, complete or partial parathyroid 
resection should be considered.
Objectives  The aim of the study was to assess the beneficial effects of a combination treatment with 
paricalcitol and cinacalcet in comparison with paricalcitol alone.
Patients and methods  A total of 64 hemodialyzed patients (mean [SD] age, 58 [16] years) with inad‑
equate control of serum parathyroid hormone levels were treated with intravenous paricalcitol, while 16 
patients simultaneously received oral cinacalcet. Laboratory tests (intact parathormone [iPTH], calcium, 
phosphorus) were performed on a monthly basis. In the study, iPTH, calium, phosphorus, and alkaline 
phosphatase levels were assessed at baseline and after 24 weeks of treatment with paricalcitol alone 
or in combination with cinacalcet.
Results  In both groups, a significant decrease in the iPTH level was observed. Although paricalcitol 
affects calcium levels, no hypercalcemia was observed. The combination treatment did not result in 
a significant lowering of iPTH levels in comparison with paricalcitol alone.
Conclusions  Treatment of SHPT with intravenous paricalcitol in patients on hemodialysis is effective 
and has a good safety profile. The combination of paricalcitol and cinacalcet does not improve the out‑
comes. Moreover, the combined treatment does not affect calcium and phosphorus concentrations. 
The cost‑effectiveness of therapy should also be considered.
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Statistical analysis  The results were analyzed us‑
ing the Statistica 13.0 computer software (Tulsa, 
Oklahoma, United States). Variables with nor‑
mal distribution were assessed using the Shap‑
iro–Wilk test. The analysis of variance (ANOVA), 
the Mann–Whitney rank sum test, or the t test 
was used to compare the differences between 
the groups. Normally distributed variables were 
reported as means and SD, and nonnormally dis‑
tributed variables, as medians and quartiles. As 
these were real-life data gathered when the  ther‑
apeutic program with paricalcitol became avail‑
able, the power calculation was not performed. 
We collected all the available data possible. In pa‑
tients treated with cinacalcet without significant 
lowering of iPTH levels, paricalcitol was added. In 
those  without hypercalcemia, paricalcitol was in‑
troduced for SHPT treatment. A P value of less 
than 0.05 was considered significant. The intra‑
group comparisons were performed with the non‑
parametric Friedman’s ANOVA by ranks and Wil‑
coxon single‑rank tests.

Results  We observed significant changes 
in iPTH levels in both study groups. Alkaline 
phosphatase activity decreased in both groups, 
but  the  change was not significant (Table 2). 
KDIGO targets (iPHT <300 pg/ml) were achieved 
during the 24‑week treatment by 29 patients 
(45%). In all patients, the elevated serum lev‑
el of total calcium was observed; however, only 
1 patient had severe hypercalcemia (>17 mg/dl) 
(Table 3). None of the patients were excluded dur‑
ing the follow‑up. 

Treatment of SHPT with intravenous parical‑
citol and with the combination of intravenous 
paricalcitol and cinacalcet was shown to be effec‑
tive and safe. There were no differences in the ef‑
ficacy and safety profile between the  groups; 
however, the elevated serum phosphorus level in 
the combination‑treatment group was observed 
(Table 3).

Discussion  The efficacy and safety profile of in‑
travenous paricalcitol in the treatment of SHPT 
has been documented in a number of clinical trials 
and observational studies. Several studies showed 
a significant reduction in iPTH levels and revealed 
an increase in serum calcium levels during treat‑
ment of SHPT with paricalcitol.9-17 Izquerdo et 
al11 and Fernstrom et al14 reported a significant 
increase in serum calcium levels. However, oth‑
er studies did not reveal significant changes for 
this parameter.10,17,18 

As an effective antiparathyroid hormone agent, 
cinacalcet has been the subject of several stud‑
ies.18-21 Patients who received the selective vita‑
min D receptor activator paricalcitol while un‑
dergoing long‑term hemodialysis showed a lower 
number of hospitalizations and hospital days per 
year and a significant survival benefit compared 
with those who received calcitriol.9,10 They also 
had fewer episodes of hyperphosphatemia com‑
pared with patients receiving doxercalciferol,11-13 

of SHPT is based on regular biochemical measure‑
ments of serum iPTH, calcium, phosphate, and 
alkaline phosphatase levels. Additionally, vita‑
min D concentrations can be measured. The cri‑
teria for diagnosing SHPT are primary hypocal‑
cemia and elevated iPTH levels. Additionally, im‑
aging studies may reveal parathyroid hyperplasia. 

According to the latest Kidney Disease: Improv‑
ing Global Outcomes (KDIGO) guidelines, a limi‑
tation of dietary phosphate intake (ie, phosphate 
binders) is recommended in the treatment of hy‑
perphosphatemia alone or in combination with 
other treatments in CKD stages 3A to 5D (di‑
alysis) (level of evidence 2D meaning “we sug‑
gest”; very low grade).8 Moreover, a restriction 
of the dose of calcium‑based phosphate binders 
is also recommended (level of evidence 2B mean‑
ing “we suggest”; moderate grade). The KDIGO 
guidelines recommend calcimimetics, calcitriol, 
or vitamin D analogues, or a combination of cal‑
cimimetics with calcitriol or vitamin D analogues 
(level of evidence 2B) to lower iPTH levels in pa‑
tients on dialysis.8 In the case of weak or the lack 
of effects of pharmacological treatment, partial 
or total parathyroidectomy should be considered. 

Data on the comparison of different treatments 
of SHPT are scarce and generally limited to stud‑
ies on the effectiveness of different vitamin D 
analogues and vitamin D receptor analogues. As 
calcimimetics and vitamin D receptor analogues 
exert opposite effects on serum calcium levels, 
it might be reasonable from the clinical stand‑
point to assess the simultaneous administration 
of these 2 compounds on iPTH and serum calci‑
um and phosphate levels. Considering all these 
data and the possibility of combining 2 drugs in 
a single therapeutic regimen, the aim of this study 
was to evaluate the effectiveness of treatment of 
SHPT in patients on hemodialysis who received 
either intravenous paricalcitol or a combination 
of intravenous paricalcitol and oral cinacalcet.

Patients and methods  A total of 64 hemodia‑
lyzed patients (mean [SD] age, 58 [16] years) with 
SHPT (iPTH >500 pg/ml) were treated with intra‑
venous paricalcitol for 24 weeks. The mean (SD) 
dose of paricalcitol at baseline was 7.3 (3.3) µg/di‑
alysis. The dose was modified on a monthly basis 
after laboratory checks. The mean (SD) dose of 
paricalcitol in weeks 20 to 24 of treatment was 
6.0 (4.0) μg/dialysis. Sixteen patients simultane‑
ously received oral cinacalcet at a mean (SD) dose 
of 0.6 (0.3) mg/kg bw/d. The cinacalcet dose was 
maintained during the study. Hyperphosphate‑
mia was controlled with phosphate binders in 
40% of the patients. Calcium‑containing phos‑
phate binders were used by 27 patients. 

We evaluated changes in iPTH and alkaline 
phosphatase levels during the 24‑week follow
‑up, as well as assessed the safety profile of both 
therapies, especially with regards to the effects on 
calcium and phosphorus metabolism. The base‑
line clinical and demographic characteristics of 
the study groups are shown in Table 1.
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There are scarce comparative data for pari‑
calcitol and cinacalcet. In the TARGET study,22 
which included 444 hemodialyzed patients with 
moderate to severe SHPT (mean serum bioin‑
tact PTH level >160–430 pg/ml; iPTH, approx‑
imately 300–800 pg/ml or ng/l), cinacalcet was 
titrated (30–180 mg/d) during an 8‑week dose
‑titration phase to achieve biointact PTH levels 
of 160 pg/ml or lower (iPTH, approximately 300 
pg/ml or ng/l), and the efficacy was assessed over 

as well as of hypercalcemia compared with pa‑
tients receiving calcitriol.14 As a result, paricalci‑
tol has become the preferred vitamin D receptor 
activator for SHPT.

Cinacalcet, a calcimimetic agent, is also effec‑
tive in reducing iPTH levels and has the addition‑
al effect of reducing calcium and phosphate lev‑
els. Beside the lowering iPTH effect, the hypocal‑
cemic activity of cinacalcet was also reported.19-21 

TABLE 1  Baseline clinical and demographic characteristics of the study groups.

Characteristics All patients 
(n = 64)

Paricalcitol 
(n = 48)

Paricalcitol + cinacalcet 
(n = 16)

P value

Demographic and clinical data

Age, y Mean (SD) 58 (16) 61 (15) 48 (14) 0.001

Sex, % Female 36 42 19 <0.001

Male 54 58 81 <0.001

Duration of dialysis, mo Median 50.5 46 53 0.3

Quartile 1 30 15.25 38.75

Quartile 4 345 345 219

Use of phosphate binders, % Total 40 45 38 0.3

Calcium-containing only 33 40 25 0.02

Sevelamer only 0 0 0 NA

Combination of calcium--
containing and sevelamer

7 5 13 0.04

Other 0 0 0 NA

Paricalcitol dose, μg/dialysis

Initial dose Median 6.15 6.15 5.8 0.3

Quartile 1 5 5 4.9

Quartile 4 15 15 15

Week 24 Median 5 4.6 9.2 0.3

Quartile 1 3.5 3.1 5

Quartile 4 20 20 17.3

Cinacalcet dose, mg/kg bw/d

Initial dose Mean (SD) – – 0.6 (0.3) NA

Week 24 Mean (SD) – – 0.6 (0.3) NA

Abbreviations: NA, not available

TABLE 2  Intact parathyroid hormone (iPTH) and alkaline phosphatase levels after 24‑week treatment

iPTH, pg/ml Alkaline phosphatase, ng/ml

Baseline Week 24 Percent

change

P value Baseline Week 24 Percent 
change

P value

All patients (n = 64)

Median 784.5 319.5 –55 (32) 0.001 116 80 –23 (26) 0.1

Quartile 1 640 170.25 83.25 66.5

Quartile 4 2718 1843 2501 1397

Paricalcitol (n = 48)

Median 752.5 237.5 –59 (32) 0.001 113 79 –21 (24) 0.2

Quartile 1 632.5 148.25 83.25 64.75

Quartile 4 2718 1843 1899 1397

Paricalcitol + cinacalcet (n = 16)

Median 949 418.5 –46 (34) 0.001 129 91 –25 (33) 0.2

Quartile 1 703.75 309.5 98 68

Quartile 4 2224 1485 2501 1007
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Both agents have a good safety profile and 
can be used successfully in the management of 
SHPT. An intravenous administration of parical‑
citol seems to be preferable in hemodialyzed pa‑
tients with vascular access. Cinacalcet as an oral 
formulation should only be recommended for pa‑
tients with earlier stages of CKD and those with 
CKD stage 5 treated with peritoneal dialysis. Add‑
ing cinacalcet to the SHPT treatment protocol 
with intravenous paricalcitol can help reduce hy‑
percalcemic activity of paricalcitol; however, we 
did not confirm this in our study. In addition, on 
the basis of dosing and effectiveness data from 
the IMPACT SHPT study, Sharma et al28,29 found 
that a regimen with intravenous paricalcitol was 
more cost‑effective than cinacalcet plus low‑dose 
vitamin D in the management of iPTH levels in 
patients with SHPT requiring hemodialysis. Their 
results suggest that the paricalcitol‑based regimen 
is more cost‑effective than the cinacalcet one, and 
this may mean both improved outcomes for pa‑
tients and reduced costs for health care provid‑
ers and payers.

Chertow et al,30 in an open‑label 16‑week clin‑
ical trial, assessed the effects of a combination of 
low‑dose active vitamin D derivatives and cina‑
calcet on mineral metabolism in hemodialyzed 
patients with normal iPTH levels (80–160 pg/
ml) but elevated calcium × phosphorus product 
(>55 mg2/dl2), who received paricalcitol at a dose 
of more than 6 µg/wk (or an equipotent dose of 
an alternative active vitamin D derivative). At the 
start of the study, active vitamin D derivatives 
were reduced to a mean equivalent dose of parical‑
citol of 6 µg/wk, and cinacalcet was titrated from 
30 mg/d to a maximum possible dose of 180 mg/d. 
The authors concluded that a combination of low
‑dose active vitamin D derivatives and cinacalcet 
improved control of mineral metabolism. 

On the other hand, in a post‑hoc analysis of 
the ADVANCE study,31 progression of coronary 
artery calcification was compared between 70 
protocol‑adherent participants given cinacal‑
cet and low doses of vitamin D, as specified in 
the study protocol, and 120 controls given vita‑
min D sterols. The study protocol stated specif‑
ically that the dose of vitamin D was not to ex‑
ceed the amount equivalent to 6 μg/wk of intra‑
venous paricalcitol among those receiving cina‑
calcet. Subjects assigned to the control group 
were treated with higher, varying doses of vita‑
min D sterols administered intravenously during 

8 weeks. At week 2 of the study, participants re‑
ceiving vitamin D sterols had the doses titrated 
to the equivalent of 2 μg of paricalcitol 3 times 
a week or 6 μg/wk. Block et al22 concluded that 
the percentage of patients with the values of bio‑
intact PTH, of the calcium × phosphorus product, 
and of both biointact PTH and calcium × phos‑
phorus product within the target range during 
the assessment phase did not differ between pa‑
tients who received cinacalcet with vitamin D 
sterols and those who received cinacalcet alone. 
However, the authors did not assess the cost of 
this therapy.

In the FARO‑2 study,23 intravenous paricalci‑
tol significantly increased the percentage of pa‑
tients at target for the combined endpoint of 
iPTH, calcium, and phosphate (P = 0.001), where‑
as the groups receiving intravenous calcitriol and 
a combination of intravenous paricalcitol with 
cinacalcet were not analyzed owing to a small 
number of patients. 

In a retrospective study, Schumock et al24 com‑
pared the rates of parathyroidectomy in patients 
with SHPT treated with paricalcitol or cinacal‑
cet. They found that a long‑term treatment with 
paricalcitol was associated with fewer parathy‑
roidectomies when compared with cinacalcet. It 
was unclear why patients who received cinacal‑
cet were more likely to experience parathyroid‑
ectomy compared with those who received pari‑
calcitol. The paricalcitol group appeared to be 
sicker, to have more comorbidities, and to have 
a shorter time from the start of hemodialysis to 
the start of the index drug treatment, while pa‑
tients in the cinacalcet group were more likely to 
be female. Even when these and other risk factors 
were adjusted for in the final analysis, the risk of 
parathyroidectomy was substantially higher in 
the cinacalcet group.24

In the randomized IMPACT SHPT study,25-27 
paricalcitol was compared with cinacalcet in 
terms of the effect on a reduction in iPTH levels 
as well as changes in serum calcium and phos‑
phorus levels, alkaline phosphatase activity, and 
fibroblast growth factor‑23 concentrations. In 
the case of a reduction in iPTH levels, parical‑
citol was more effective than cinacalcet during 
the 28‑week follow‑up. The mean reduction of 
iPTH concentrations was significantly greater in 
the case of paricalcitol, as was the percentage of 
patients who achieved iPTH levels ranging from 
150 to 300 pg/ml.25-27 

TABLE 3  Serum calcium and phosphate levels after 24‑week treatment in the study groups

Study groups Serum calcium, mg/dl Serum phosphate, mg/dl

Baseline Week 24 Percent 
change

P value Baseline Week 24 Percent 
change

P value

All patients (n = 64) 8.7 (0.9) 9.7 (1.3) 12.2 (19.9) 0.001 5.4 (1.5) 6.1 (1.6) 20.1 (41.9) 0.003

Paricalcitol (n = 48) 8.7 (0.9) 9.6 (1.3) 10.9 (21.6) 0.001 5.3 (1.6) 5.9 (1.5) –6.2 (28.7) 0.04

Paricalcitol + cinacalcet 
(n = 16)

8.6 (0.6) 10.0 (1.0) 16.3 (12.8) 0.001 5.6 (1.2) 7.0 (1.5) 27.1 (29.8) 0.004

Data are presented as mean (SD).
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the GC polymorphism was associated with plasma 
25(OH)D levels in this population.43 On the oth‑
er hand, vitamin D pathway genes were not as‑
sociated with survival probability of patients on 
renal replacement therapy.44

In our study, we investigated a real‑life treat‑
ment of SHPT in hemodialysed patients on intra‑
venous paricalcitol and the combination of intra‑
venous paricalcitol and oral cinacalcet. We con‑
clude that treatment of SHPT with intravenous 
paricalcitol in these patients is effective and has 
a good safety profile. The combination therapy 
of paricalcitol and cinacalcet does not improve 
the efficacy; however, the possibility effect of cina‑
calcet on reducing vascular calcification requires 
further studies. Also, the combined treatment 
does not affect calcium and phosphate concentra‑
tions. However, it is possible to combine cinacal‑
cet and paricalcitol, especially in the case of hypo‑
calcemia (the Polish National Health Fund also al‑
lows to combine the 2 therapeutic regimens), but 
the decision making should be guided primarily 
by the cost‑effectiveness of therapy.
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sion of the manuscript. JSM contributed to data 
interpretation. WM collected the data. TP and 
TD‑R approved the final version of the manuscript.

References

1  Cunningham J, Locatelli F, Rodriguez M. Secondary hyperparathyroid‑
ism: pathognenesis, disease progression and therapeutic options. Clin J Am 
Soc Nephrol. 2011; 6: 913-921.

2  Crane R, Cao X. Bone marrow mesenchymal stem cells and TGF‑beta 
signalling in bone modelling. J Clin Invest. 2014; 124: 466-472.

3  Hangstrom E, Michaelsson K, Melhus H, et al. Plasma‑parthyroid hor‑
mone is associated with subclinical and clinical artheriosclerotic disease 
in 2‑community‑based cohorts. Arterioscler Thromb Vasc Biol. 2014; 34: 
1567-1573.

4  Lishmanov A, Dorairaian S, Pak Y, et al. Elevated serum patathyroid hor‑
mone is a cardiovascular risk factor in in moderate chronic kidney disease. 
Int Urol Nephrol. 2012; 44: 541-547.

5  Goettsch C, Iwata H, Aikawa E. Parathyroid hormone. Critical brigde be‑
tween bone metabolism and cardiovascular disease. Arterioscler Thromb 
Vasc Biol. 2014; 34: 1333-1335.

6  Saliba W, Boutros El‑H. Secondary hyperparathyroidoism, pathophysiol‑
ogy and treatment. J Am Board Fam Med. 2009; 22; 5: 574-581.

7  Hedgeman E, Lipworth L, Lowe K, et al. International burden of chronic 
kidney disease and secondary hyperparathyroidism: A systematic review of 
the literature and available data. Int J Nephrol. 2015; 2: 1-15.

8  KDIGO 2017 Clinical practice guideline update for the diagnosis, evalua‑
tion, prevention, and treatment of chronic kidney disease – mineral and bone 
disorder (CKD‑MBD). Kidney Int Suppl. 2017; 7: 1-59.

9  Biggar P, Kovarik J, Klauser‑Braun R, et al. Paricalcitol treatment of sec‑
ondary hyperparathyroidism in hemodialysis patients: A German‑Austrian, 
single‑arm, open-label, prospective, noninterventional, observational study. 
Nephron Clin Pract. 2014; 126: 39-50.

10  Izquierdo MJ, Cavia M, Muñiz P, et al. Paricalcitol reduces oxidative stress 
and inflammation in hemodialysis patients. BMC Nephrol. 2012; 27; 13: 159.

11  Tonbul HZ, Solak Y, Atalay H, et al. Efficacy and tolerability of intrave‑
nous paricalcitol in calcitriol‑resistant hemodialysis patients with second‑
ary hyperparathyroidism: 12‑month prospective study. Ren Fail. 2012; 34; 
3: 297-303.

12  Vulpio C, Maresca G, Distasio E, et al. Switch from calcitriol to parical‑
citol in secondary hyperparathyroidism of hemodialysis patients: Respon‑
siveness is related to parathyroid gland size. Hemodial Int. 2011; 15: 69-78.

13  Fernstrom A, Giaever J, Granroth B, et al. Achievement of recommend‑
ed treatment targets for bone and mineral metabolism in haemodialysis 

thrice‑weekly hemodialysis procedures or orally 
every day. The authors found that the progres‑
sion of coronary artery calcification was attenu‑
ated among cinacalcet‑treated subjects with SHPT 
given low doses of vitamin D per protocol com‑
pared with controls in whom SHPT was treated 
with higher doses of vitamin D sterols alone af‑
ter 52 weeks.

Our study has several limitations. First, 
the sample size was small, but in the FARO‑2 
study,23 the combination‑therapy group was also 
too small for the analysis. Intravenous parical‑
citol, as well as the combination of 2 drugs, has 
not been available in dialysis units until recent‑
ly. Nowadays, we have an opportunity to assess 
the effect of this therapy on clinical parameters 
and also on the costs of therapy. In our pilot study, 
we analyzed the results of a 3‑month paricalcitol 
treatment of 36 hemodialyzed patients with SHPT 
(serum iPTH level >500 pg/ml), including 11 pa‑
tients who additionally received cinacalcet. The re‑
sults showed a significant reduction in iPTH and 
alkaline phosphatase levels in the whole group.32 

The results of the EVOLVE trial were contro‑
versial.33 The unadjusted primary composite end‑
point showed a nonsignificant reduction (hazard 
ratio, 0.93; P 1⁄4 = 0.112) with cinacalcet use.33 
In a recent subanalysis of the EVOLVE trial,34 
blood calcification propensity was independently 
associated with the primary composite endpoint, 
all‑cause mortality, myocardial infarction, periph‑
eral vascular events, and improved risk prediction. 
However, due to a subsequent series of second‑
ary and post hoc publications of the EVOLVE tri‑
al,35-37 KDIGO decided not to prioritize any iPTH
‑lowering treatment at this time, because calci‑
mimetics, calcitriol, or vitamin D analogues are 
all acceptable first‑line options in patients with 
CKD stage 5D (dialyzed). In principle, this rec‑
ommendation was supposed to be maintained 
as it was in the previous set of the KDIGO guide‑
lines from 2009.38 However, the optimal level of 
iPTH was not established.8 Both ADVANCE31 and 
EVOLVE34 trials assessed the effects of cinacal‑
cet on cardiovascular calcification and the risk 
of cardiovascular events and mortality, respec‑
tively. Although the primary analysis of both tri‑
als did not reveal significant effects of cinacalcet, 
the benefit of cinacalcet was suggested in the sub‑
analyses which accounted for the potential limi‑
tations of the trials. 

Our study was too short to allow the assess‑
ment of long‑term cardiovascular risk in the stud‑
ied population or the  relationship between 
the therapy and cardiovascular events. Moreover, 
we did not study vitamin K levels reported to af‑
fect vascular calcifications in patients on hemo‑
dialysis39 but not in nondialyzed patients.40 As 
many healthy individuals39 as well as dialyzed pa‑
tients41 are vitamin-D deficient, vitamin D should 
be supplemented first. As reported, correction of 
25(OH)D deficiency in patients on hemodialysis 
was associated with better SHPT control with 
lower doses of vitamin D analogues.42 In addition, 



ORIGINAL ARTICLE  Treatment of secondary hyperparathyroidism in dialysis 845

38  Kidney Disease: Improving Global Outcomes (KDIGO) CKD‑MBD Work 
Group: KDIGO clinical practice guideline for the diagnosis, evaluation, pre‑
vention and treatment of chronic kidney disease – mineral and bone disor‑
der (CKD‑MBD). Kidney Int. 2009; 76: 1-130.

39  Aoun M, Makki M, Azar H, et al. High dephosphorylated
‑uncarboxylated MGP in hemodialysis patients: risk factors and response to 
vitamin K(2), A pre‑post intervention clinical trial. BMC Nephrol. 2017; 18: 
191. doi:10.1186/s12 882‑017‑0609‑3

40  Kurnatowska I, Grzelak P, Masajtis‑Zagajewska A, et al. Effect of vita‑
min K2 on progression of atherosclerosis and vascular calcification in non‑
dialyzed patients with chronic kidney disease stages 3-5. Pol Arch Med 
Wewn. 2015; 125: 631-640.

41  Płudowski P, Ducki C, Konstantynowicz J, Jaworski M. Vitamin D sta‑
tus in Poland. Pol Arch Med Wewn. 2016; 126: 530-539.

42  Ojeda López R, Esquivias de Motta E, Carmona A, et al. Correction of 
25‑OH‑vitamin D deficiency improves control of secondary hyperparathyroid‑
ism and reduces the inflammation in stable haemodialysis patients. Nefrolo‑
gia. 2017. doi:10.1016/j.nefro.2017.05.008

43  Grzegorzewska AE, Ostromecki G, Mostowska A, et al. Clinical aspects 
of vitamin D‑binding protein gene polymorphisms in hemodialysis patients. 
Pol Arch Med Wewn. 2015; 125: 8-17.

44  Świderska M, Mostowska A, Grzegorzewska AE. T helper cell‑related 
cytokine gene polymorphisms and vitamin D pathway gene polymorphisms 
as predictors of survival probability in patients on renal replacement therapy. 
Pol Arch Med Wewn. 2015; 125: 511-520.

patients using paricalcitol: An observational study. Scand J Urol Nephrol. 
2011; 45: 196-205.

14  Mittman N, Khanna R, Rani S, et al. Paricalcitol therapy for second‑
ary hyperparathyroidism in patients on maintenance hemodialysis previous‑
ly treated with calcitriol: A single‑center crossover study. Kidney Int. 2006; 
70: S64‑S67.

15  Mittman N, Desiraju B, Meyer KB, et al. Treatment of secondary hy‑
perparathyroidism in ESRD: a 2‑year, single‑center crossover study. Kidney 
Int. 2010; 78: S33‑S36.

16  Lindberg J, Martin KJ, González EA, et al. A  long‑term, multicenter 
study of the efficacy and safety of paricalcitol in end‑stage renal disease. 
Clin Nephrol. 2001; 56: 315-323.

17  Llach F, Yudd M. Paricalcitol in dialysis patients with calcitriol‑resistant 
secondary hyperparathyroidism. Am J Kidney Dis. 2001; 38: S45‑S50.

18  Goodman WG, Hladik GA, Turner SA, et al. The calcimimetic agent 
AMG 073 lowers plasma parathyroid hormone levels in hemodialysis pa‑
tients with secondary hyperparathyroidism. JASN. 2002; 13: 1017-1024.

19  Lindberg JS, Moe SM, Goodman WG, et al. The calcimimetic AMG 073 
reduces parathyroid hormone and calcium x phosphorus in secondary hyper‑
parathyroidism. Kidney Intern. 2003; 63: 248-254.

20  Block GA, Martin KJ, de Francisco AL, et al. Cinacalcet for second‑
ary hyperparathyroidism in patients receiving hemodialysis. NEJM. 2004; 
350: 1516-1525.

21  Fukagawa M, Yumita S, Akizawa T, et al. Cinacalcet (KRN1493) effec‑
tively decreases the serum intact PTH level with favorable control of the se‑
rum phosphorus and calcium levels in Japanese dialysis patients. Nephrol 
Dial Transplant. 2008; 23: 328-335.

22  Block GA, Zeig S, Sugihara J, et al. Combined therapy with cinacalcet 
and low doses of vitamin D sterols in patients with moderate to severe sec‑
ondary hyperparathyroidism. Nephrol Dial Transplant. 2008; 23: 2311-2318.

23  Roggeri DP, Cozzolino M, Mazzaferro S, et al. Evaluating targets and 
costs of treatment for secondary hyperparathyroidism in incident dialysis 
patients: the FARO‑2 study. Int J Nephrol Renovasc Dis. 2014; 8: 1-6.

24  Schumock GT, Walton SM, Lee TA, et al. Comparative effectiveness of 
paricalcitol versus cinacalcet for secondary hyperparathyroidism in patients 
receiving hemodialysis. Nephron Clin Pract. 2011; 117: c151‑c159.

25  Ketteler M, Martin KJ, Cozzolino M, et al. Paricalcitol versus cinacal‑
cet plus low‑dose vitamin D for the treatment of secondary hyperparathy‑
roidism in patients receiving haemodialysis: study design and baseline char‑
acteristics of the IMPACT SHPT study. Nephrol Dial Transplant. 2012; 27: 
1942-1949.

26  Ketteler M, Martin KJ, Wolf M, et al. Paricalcitol versus cinacalcet plus 
low‑dose vitamin D therapy for the treatment of secondary hyperparathy‑
roidism in patients receiving haemodialysis: Results of the IMPACT SHPT 
study. Nephrol Dial Transplant. 2012; 27: 3270-3278.

27  Cozzolino M, Ketteler M, Martin KJ, et al. Paricalcitol - or cinacal‑
cet- centred therapy affects markers of bone mineral disease in patients 
with secondary hyperparathyroidism receiving haemodialysis: Results of 
the IMPACT‑SHPT study. Nephrol Dial Transplant. 2014; 29: 899-905.

28  Sharma A, Marshall TS, Khan SS, Johns B. Cost effectiveness of pari‑
calcitol versus cinacalcet with low‑dose vitamin D for management of sec‑
ondary hyperparathyroidism in haemodialysis patients in the USA. Clin Drug 
Investig. 2014; 34: 107-115. doi:10.1007/s40 261‑013‑0151‑4

29  Sharma A, Ketteler M, Marshall TS, et al. Comparative cost analysis 
of management of secondary hyperparathyroidism with paricalcitol or cina‑
calcet with low‑dose vitamin D in hemodialysis patients. J Med Econ. 2013; 
16: 1129-1136.

30  Chertow GM, Blumenthal S, Turner S, et al. Cinacalcet hydrochloride 
(Sensipar) in hemodialysis patients on active vitamin D derivatives with con‑
trolled PTH and elevated calcium x phosphate. Clin J Am Soc Nephrol. 2006; 
1: 305-312.

31  Ureña‑Torres PA, Floege J, Hawley CM, et al. Protocol adherence 
and the progression of cardiovascular calcification in the ADVANCE study. 
Nephrol Dial Transplant. 2013; 28: 146-152.

32  Zawierucha J, Małyszko J, Małyszko J, et al. Treatment of secondary 
hyperparathyroidism in hemodialyzed patients – paricalcitol with or without 
cinacalcet. Przegl Lek. 2016; 73: 229-232.

33  Chertow GM, Block GA, Correa‑Rotter R, et al. Effect of cinacalcet on 
cardiovascular disease in patients undergoing dialysis. N Engl J Med. 2012; 
367: 2482-2494.

34  Pasch A, Block GA, Bachtler M, et al. Blood calcification propensi‑
ty, cardiovascular events, and survival in patients receiving hemodialysis in 
the EVOLVE trial. Clin J Am Soc Nephrol. 2017; 12: 315-322.
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