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Abstract

Normocalcemic secondary hyperparathyroidism may persistin 30—50% of renal transplant recipients (RTRs) at 1 year from kidney transplantation.
This can be responsible for: greater loss of bone mass; an increased fracture risk; hypercalcemia, with the risk of nephrocalcinosis and a possible
loss of renal function, and vascular calcification; resorting to parathyroidectomy. The aim of the study was to evaluate the effectiveness and safety
of paricalcitol on long-term treatment of normocalcemic persistent secondary hyperparathyroidism in RTRs.

The primary outcome of the study was to reduce serum parathyroid hormone (PTH) levels = 50% from baseline. The secondary outcome was
to evaluate changes in renal function.

With this purpose, we prospectively selected 24 RTRs with high PTH levels. The main selection of enroliment criteria for this study was: renal
transplant vintage = 12 months; increased PTH levels for at least 6 months; serum calcium < 10.2 mg/dl; serum phosphate<4.5 mg/dl; renal
function, assessed by eGFR, steadily >15 ml/min/1.73 m?. Treatment with paricalcitol was started at a mean dose of 1 pg/day, and reduced to
1 ug every other day when sCa levels were>10.2 mg/dl and/or sPO4>4.5 mg/dl. Paricalcitol administration was temporarily stopped when sCa
levels were >11 mg/dl.

Every 6 weeks were evaluated: sCr, eGFR, sCa, sPO4, total alkaline phosphatase, FECa, FEPO4, proteinuria, cyclosporine and tacrolimus
serum levels. Serum parathyroid hormone levels were assessed every three months. After 24 months of paricalcitol treatment, there was a
significant reduction of serum parathyroid hormone levels from 229 + 164 pg/ml to 88 + 36 pg/ml (P<0.001), and of alkaline phosphatase from 99
+ 36 mU/ml to 80 + 22 mU/ml (P<0.05). Serum calcium levels showed a modest trend to increase with just only two episodes of hypercalcemia
that required a temporary interruption of paricalcitol treatment and two episodes of isolated hypercalciuria that required reduction of paricalcitol
dose to 1 pg every other day. Throughout the study renal function was stable in all patients, including those treated with calcineurin inhibitors
(CNIs), and their serum levels remained stable without any need to change their dosages. Blood pressure was meanly well controlled and there
were no changes in antihypertensive therapy. Proteinuria showed a modest and not significant reduction. In conclusion, our results suggest that
long-term paricalcitol therapy is effective and safe in the control of secondary hyperparathyroidism in RTRs with minimal effects on calcium and
phosphorus metabolism, without affecting renal function.

In severe SHPT patients have to be submitted to parathyroidectomy,
which currently is carried out in a 2-5% of RTRs [9]. Nevertheless, some of
this treatment are burdened by the risk of side effects. In particular, the use
of calcitriol in patients with chronic kidney disease stage 3-5 was associated
with an increased risk of hypercalcemia and hyperphosphatemia [10,11],
which may be responsible for an increased risk of vascular calcification
and cardiovascular mortality [12]. Moreover, calcitriol treatment in
RTRs was associated with a significant increase in urinary calcium, that
if extended over time can be responsible for nephrocalcinosis [13]. The
use of cinacalcet has been reported to be associated with a significant
reduction of parathyroidectomy, unfortunately, in our country, the
use of cinacalcet in RTRs is reserved for cases of hypercalcemia SHPT
(sCa>10.5 mg/dl). Moreover, the use of cinacalcet may increase urinary
calcium excretion which may cause nephrocalcinosis in the long term
period followed by a worsening of renal function. [14]. Cinacalcet may

Introduction

Secondary hyperparathyroidism (SHPT) is a very frequent complication
in renal transplant recipients (RTRs). In fact, it is estimated that in about
30-50% of RTRs at one year after renal transplantation (RTx) serum
parathyroid hormone (PTH) levels remain high [1]. Post-transplant
persistent SHPT has been associated with a high bone turnover, responsible
for bone mass loss and a higher risk of fracture [2,3], and progression
of vascular calcification [4]. Furthermore, persistent SHPT in 10-40% of
RTRs is associated with serum calcium levels at the upper normal limits or
hypercalcemia, in particular during the first year of post-RTx [1,5]. High
serum calcium levels can contribute to a greater risk of calcification of the
graft and to a reduced renal function [6], as well as to reduced patient and
graft survival [7]. The important consequences of persistent SHPT have
persuaded many authors to take into account an earlier treatment of it,

which is not done regularly yet [6,7].

Progressive increase of PTH levels above the normal range could be an
indication to start medical therapy, which currently consists of the use of
calcitriol, vitamin D analogs, and in selected cases calcimimetics [8].

potentially interfere with calcineurin inhibitors metabolism, which are the
immunosuppressive drugs most frequently used in RTRs, this interaction
appears to have minor clinical relevance, however, it is advisable to
monitor renal function due to the observed decrease in renal function
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[15]. Surgical parathyroidectomy should be indicated to selected patients
and after a period of observation: at least 12 months after RTx [8]. In the
early months, post-RTx medical therapy might be sufficient to control
serum PTH levels because SHPT may resolve spontaneously, even though
at unpredictable times [16]. Furthermore, surgical parathyroidectomy
may be associated with worsening of renal function, and SHPT
may recur from remaining gland tissue, even after so-called total
parathyroidectomy [16,17].

Paricalcitol is a selective activator of vitamin D receptor that has
demonstrated a significant improvement of SHPT in patients with chronic
kidney disease while inducing less hypercalcemia and hyperphosphatemia
than calcitriol, probably due to a reduced effect on intestinal absorption of
calcium and phosphorus, this has made its use more manageable than that
of calcitriol [18]. Paricalcitol was effective in the control of SHPT, both
in stages 3-4 chronic kidney disease [19], as in dialysis [20]. Paricalcitol
has also proven effective in cases of SHPT resistant to treatment with
calcitriol [21], allowing a more rapid reduction in PTH levels with
fewer hypercalcemic episodes [20]. The use of paricalcitol has also been
associated with improved survival in dialysis patients [22]. To date, studies
on paricalcitol in the treatment of secondary hyperparathyroidism in
the RTx are quite different from each other, with regard to the inclusion
criteria, PTH levels, paricalcitol doses and duration of the therapy [23-
26]. Therefore we wanted to evaluate the efficacy and safety of relatively
low dose of paricalcitol in the long term treatment of SHPT in a group
of RTRs.

Materials and Methods

In the period between January 2011 and December 2014, we enrolled
consecutively 24 RTRs with SHPT as defined by K/DOQI guidelines [27].
The study lasted 24 months. Inclusion criteria for paricalcitol treatment
were: SHPT diagnosed at least six months prior to study enter; adults
(>18-years old); RTx age > 12 months; absence of acute rejection episodes
in the last 6 months; serum calcium<10.2 mg/dl; serum phosphorus<4.5
mg/dl; estimated glomerular filtration rate (eGFR), calculated with the
formula CKD-EPI [28], steadily>15 ml/min/1.73m?% no concomitant
therapy with bisphosphonates and/or vitamin D.

The primary study endpoint was the reduction of serum iPTH > 50%
from baseline. The secondary study endpoint was to maintain stable the
eGFR during the study.

The initial dose of paricalcitol was determined based on the levels
of serum calcium and PTH, the maximum dose was established in 1
pg day. When the serum calcium increased over the 10.5 mg/dl and
the phosphorus over 4.5 mg/dl paricalcitol dosage was halved, if the
serum calcium concentration exceeded 11.0 mg/dl the administration
of paricalcitol was temporarily stopped. The dosage of paricalcitol was
also revised if there was significant and sustained increased in fractional
excretion of calcium (FECa>0.020%) [29], even though serum calcium
levels were normal.

The routine laboratory examinations included determination of eGFR,
serum calcium and serum phosphorus every 6 weeks and that of the intact
PTH (n.v. 9-63 pg/ml) and total alkaline phosphatase approximately
every 3 months. Every 6 weeks in the 24-hour urine were quantified
creatinine, calcium, phosphorus, and proteinuria. Urinary calcium was
expressed as 24-hour calciuria and FECa, calculated by the formula (24-
hour calciuria/serum calcium)/(24-hour creatinuria/serum creatinine)
x 100. Urinary phosphate was expressed as 24-hour phosphaturia and
fractional excretion of phosphate (FEPO,%), calculated by the formula
(24-hour phosphaturia x serum creatinine)/(serum phosphorus x 24-
hour creatinine) x 100. Proteinuria was expressed in g/24-hour. They were

also regularly monitored for serum levels of cyclosporine and tacrolimus.
Data are expressed as the mean + standard deviation. The t-test for paired
data was performed when appropriate. The correlation coefficients were
calculated using the Pearson test. For all tests, P<0.05 were considered
to be statistically significant. The statistical analysis was performed
with SPSS (Statistical Package for Social Science, 11.0, 2003; SPSS Inc.,
Chicago, IL, USA).

Results

Table 1 shows the main baseline clinical features of the RTRs group.
Baseline PTH levels were above two times the upper normal limits in 22/24
patients and between 80 and 120 pg/ml in the remaining 2 patients. Both
FECa and FEPO, were on average high. According to guidelines KDOQI
[27], vitamin D levels were on average at the limits between insufficiency
and deficiency. Proteinuria was on average less than 0.50 g/24-hour in
most patients, resulting higher than 0.50 g/24-hour in just 6/24 of patients
treated. The blood pressure was well controlled. Parathormone levels
showed a rapid and significant reduction already during the first 6 months
of therapy (Table 2). The reduction trend was maintained throughout
the observation period, becoming highly significant at 24 months, with
a percentage reduction at 24 months baseline of 54% (Table 2 and Figure
1). The percentage reduction of PTH levels at follow-up was more than
50% in 18 patients out of 24. Patients in which the reduction of PTH
levels at follow-up was less than 50%, when compared with patients who
showed a reduction percentage of PTH levels>50%, were characterized
before RTx by higher PTH levels (626 + 719 pg/ml vs. 341 + 145 pg/ml;
P <0.01); higher levels of phosphorus (6.6 + 0.6 mg/dl vs 4.9 + 1.3 mg/
dl; P=NS); a greater use of cinacalcet and vitamin D receptor activators
(43% vs 25%, and 71% vs 25%, respectively). Serum total alkaline
phosphatase levels decreased significantly (Table 2), in 5 patients with
baseline alkaline phosphatase values above the normal ranges normalized.
In the first 6 months of therapy, calcium levels showed a progressive
increase without ever reaching statistical significance, after that the
values stabilized (Table 2). Episodes of hypercalcemia, values>10.5 mg/
dl, which led to the reduction of the dose paricalcitol were a total of five,
while those with serum calcium>11.0 mg/dl which required temporary
stopped of paricalcitol administration were two. There was no drop-out
during the follow-up. In the first three months of paricalcitol treatment,
FECa showed an increase that did not reach statistical significance, not
shown in the table, after that values decreased back to baseline values
(Table 2). In eighteen laboratory measurements, the FECa showed such
an increase that required an adjustment of the paricalcitol dosage. In
some cases, the increase of the FECa preceded that of the serum calcium.
The reduction of FEPO, although not statistically significant, recorded
for almost the entire duration of the treatment with paricalcitol did not
associate a significant increase in phosphoramide (Table 2). The renal
function remained unchanged throughout all the study period (Table
2). Proteinuria showed a slight but no significant decrease (Table 2).
However, the reduction of proteinuria was more evident in the group of
patients not treated with CNIs (n=>5), from 0.54 + 0.62 to 0.26 + 0.07 g/24
h (P=NS), than in the group treated with CNIs (n=19), from 0.59 + 0.62
to 0.40 + 0.65 g/24 h (P=NS). This differential reduction of proteinuria
was independent of the use of drugs that inhibit the renin-angiotensin-
aldosterone system (RAAS). During the study, there was no significant
change of cyclosporine and tacrolimus serum levels that required the
need to modify their dosages (Table 2). No clinical side effects attributable
to paricalcitol were observed, a temporary interruption occurred only
in the presence of severe hypercalcemia, proving overall well tolerated.
Also during the study period, there were no recorded episodes of acute
rejection or deterioration of renal function.
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Table 1: Main baseline clinical characteristics
Age, y/o 57 £12 FECa, % 0.018 £ 0.011
Gender (M/F) 18/6 Urinary phosphorous, mg/24 h 771+ 352
Dialysis vintage, months 25+ 24 FEPO,, % 415+21.8
Graft vintage, months 91+ 86 Proteinuria, g/24 h 0.58 £ 0.61
Serum creatinine, mg/dl 1.8+0.7 Systolic Blood Pressure, mmHg 133+ 13
eGFR, mL/min/1.73 m? 46 + 26 Diastolic Blood Pressure, mmHg T7+7
Serum calcium, mg/dl 9.4+0.5 Mean Blood Pressure, mmHg 9B +7
Serum phosphorus, mg/dl 29+05 Steroids, mg/d (n° pts) 51+£22(18)
PTH, pg/mi 226 + 167 Cyclosporin, n° pts 10
total ALP, mU/ml 98 + 36 Tacrolimus, n° pts 10
250HD,, ng/ml 164 +7.1 RAAS blocking agents, n° pts 8
Albumin, g/dl 3.8+0.3 CCBs, n° pts 9
Urinary calcium, mg/24 h 116 £ 63 Diuretics, n° pts 8
Table 2: Main clinical changes during paricalcitol treatment
Months -6 0 6 12 18 24
sCr, mg/dl 1.8+0.7 1.8+0.7 1.8+0.8 1.8+0.9 1.9£1.0 1.8£1.0
eGFR, mI/m’/1.73 m? 45 + 22 46 + 26 45 + 21 46 + 25 44 + 21 46 £ 23
sCa, mg/dI 94+04 9.4+0.5 9.7 £+ 0.5* 9.7 £+ 0.5* 9.7 £ 0.5* 9.6+04
sPO4, mg/di 28+0.5 29+0.5 3.2+0.8 3.0£0.7 3.0£0.6 29+0.6
Ca x PO4, mg#dI? 26+5 28+5 307 20+7 29+6 28+6
PTH, pg/mi 198 + 146 229 + 164 139 + 83" 140 £+ 103* 124 + 87 88 £ 36°
PTH reduction, % 91+ 36 99 + 36 -36 -38 -44 -54
ALP, mU/ml 13.0+1.7 13314 84 + 28 82 + 23 76 + 23" 80 + 22*
Hb, g/dl 118 + 90 117 + 62 13.3+1.6 13.2+17 13314 13.2+1.4
Urinary Ca, mg/24 h 0.016 £ 0.012 0.018 £ 0.011 138 + 82* 135+ 84 136 + 103 129+ 78
FECa, % 688 + 284 761 + 349 0.21£0.14 0.020 + 0.019 0.020 + 0.020 0.021 +0.014
Urinary PO4, mg/24 h 34 £17 41+ 22 689 + 259 699 + 358 706 + 305 685 + 295
FEPO4, % 0.49 + 0.56 0.58 £ 0.61 32+12 32+12 30+ 14 3714
Proteinuria, g/24 h 133+13 132+ 13 0.51 +0.60 0.45 +0.47 0.28 +£0.10 0.33+0.11
Systolic BP, mmHg 79+6 77 12913 130 £ 14 132 +£13 130 £ 15
Diastolic BP, mmHg 97 +6 96 +7 757 74+5 5+7 76+8
Mean BP, mmHg 8 8 93+8 93+7 94+8 94+9
ACE/AT1-b 93 + 46 (10) 95 + 49 (10) 8 8 9 9
CsA, ng/ml (n° pts) 6.2+ 2.7 (10) 6.6 % 2.2 (10) 118 + 76 (10) 83 + 37 (10) 85 + 45 (10) 113 + 60 (10)
Tac, ng/ml (n° pts) 5.9+ 1.7 (10) 5.9+ 1.9 (10) 4.6 +1.1(10) 6.2 + 2.59 (10)
Paricalcitol, pg/d 1.0+ 0.0 09+0.2 0.7+0.2 0.6+0.2
vs baseline: *P<0.05; ~P<0.01; °P<0.001
) Discussion
T
< In this prospective study, we have observed, over a sufficiently long
- period of 24 months, the effectiveness of paricalcitol in reducing PTH
£ 20 1 levels in a group of RTRs with stable renal function and with high levels
kS of PTH during 6 months prior to enrollment in the study. In 76% of
ﬂ a0 | patients already 6 months after the beginning of paricalcitol therapy,
E PTH levels decreased>50% of baseline values. In 91% of the patients,
; 22/24, PTH levels were reduced to less than 120 pg/ml, representing
® g0 A twice of our high-normal range. These results occurred in the presence of
§ reooer o001 modest changes in serum calcium and phosphorus, and urinary calcium.
£ Significant reduction in PTH levels was achieved by using relatively low
S .80 dosages of paricalcitol (1 ug/day or every other day). We can not rule out,
6 12 18 24 though unlikely, that the reduction in PTH levels may be partly due to
months a spontaneous reduction in parathyroid activity that normally occurs

treatment

Figure 1: Percentage changes in PTH levels during paricalcitol

within the first 12 or more months from RTx. In fact, all of our patients
had a RTx age of > 12 months. Tolerability and safety of the paricalcitol
were good since cases of dose reduction or temporary interruption of its
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administration were always due to the finding of modest hypercalcemia or
hypercalciuria. The secondary study endpoint was to evaluate the impact
of paricalcitol treatment on renal function. The renal function remained
stable during the whole duration of the study. Throughout the study, CNIs
serum levels did not change significantly, and these did not require the
need to adjust their dosage.

All studies, albeit of limited numbers, that evaluated the efficacy and
safety of paricalcitol in the treatment of SHPT proved to be positive [23-
26]. However, their results are not easy to assess because the inclusion
criteria were quite different. Particularly, in some of them, the treatment
was started immediately after transplantation with PTH values slightly
higher. Significant differences were seen with regard to paricalcitol doses
used and to the duration of follow-up (in some cases only 6 months).

This has probably contributed to condition the effects of paricalcitol on
PTH levels, and especially to determine the differences in the percentage
of hypercalcemia and hypercalciuria episodes recorded. Especially
hypercalcemia and hypercalciuria when protracted may be associated
with adverse clinical consequences both for the transplanted kidney that
for some outcomes of the patient [6,7,30]. In the study of Amer et al. [23],
for example, they recorded a significant increase in serum calcium and
urinary calcium with a fair number of hypercalcemia and hypercalciuria
episodes. In fact in this study, unlike what happened in the few other
studies [24-26], paricalcitol treatment was started at a fixed dose of 2 pg
daily, just only three days after RTx and for PTH values even slightly above
the upper normal limits. In this study, PTH levels in the treated group were
reduced significantly, but a similar reduction, although less significant,
was also recorded in the untreated control group. During the first year of
post-RTx PTH levels can be significantly reduced even in the absence of
therapies [1], and it also has a significant reduction of bone turnover which
only in part is attributable to the reduction in PTH levels [31]. Therefore,
especially in the early stages of post RTx, it would seem appropriate to
use the paricalcitol not at high doses, and particularly not in patients with
PTH values that are slightly above the high-normal range, as it was done
in the majority of studies that have evaluated the impact of paricalcitol
treatment in the SHPT of post RTx [24-26]. The use of high doses of
paricalcitol exposes not only to the risk of hypercalcemia [23,26] but also
to the development of adynamic bone disease [32]. The dosage employed
is not of secondary importance, in fact 40% of patients with RTx treated
with calcitriol at a dose 0.25 ug day, the equivalent of 1 ug of paricalcitol
day [33], developed a bone histomorphometric pattern a dynamic like
[32]. Nowadays there are no studies in RTRs that have assessed bone
turnover during therapy with paricalcitol. However, in the study of Trillini
et al. [26] the control of SHPT was associated with a decrease in serum
levels of some biomarkers of bone formation and resorption, deemed
useful in monitoring bone turnover. This picture may suggest a reduction
of elevated bone turnover that characterizes the SHPT in the 25%-50% of
RTRs [34]. In our patients, we observed a significant reduction of total
alkaline phosphatase serum levels, and it is known that its increase, when
combined with that of the PTH levels is almost always associated with
the presence of a high turnover bone disease [35]. From the above, it can
be deduced that the low number of hypercalcemic episodes reported in
our study was due to several reasons. First of all, we used low doses of
paricalcitol, monitoring its dosage by measuring not only serum calcium
but also urinary calcium. In fact, the increase of calciuria often precedes
that of the serum calcium [36]. The second reason is that we treated only
RTRs with high PTH levels associated with alkaline phosphatase values
high or in the high normal range, this combination very often exclude an
underlying bone disorder like adynamic bone disease [35], which is one
of the most frequent causes of hypercalcemia especially in the presence
of vitamin D receptor activators [37]. The use of paricalcitol in patients
with stage 3-4 CKD was associated with a reduction of the renal function
evaluated by eGFR [38]. However, these results have not been confirmed

when glomerular filtration rate was measured directly using techniques
such as the clearance of inulin or iothalamate [23]. In our study renal
function was assessed by determination of serum creatinine levels and
of the eGFR values, calculated by the CKD-EPI formula [28], and it
did not change throughout the entire duration of the study. Although
measurement of renal function by eGFR formula is not an accurate
method than the one measured by radioisotopic filtration markers, it has
been demonstrated that eGFR estimated by CKD-EPI formula is quite
close to the glomerular filtration rate measured with '*I-iothalamate [39].

The usefulness of CNIs in preventing rejection of transplanted organ
is widely confirmed. However, their use is limited by their potential
nephrotoxicity. The cyclosporine kidney injury is mainly characterized
by arteriolar hyalinosis, tubular atrophy, interstitial fibrosis and
glomerulosclerosis [40]. The rate of CNIs nephrotoxicity is quite
variable in literature, but it is very frequent. In a study of 120 kidney-
pancreas transplant recipients, after 10 years of calcineurin inhibition
nephrotoxicity was almost universal, even in grafts with excellent early
histologic findings [41]. Tubulointerstitial and glomerular damage, once
established, was irreversible, resulting in declining renal function and
graft failure. Experimental works have shown that the use of paricalcitol
is able to reduce the inflammatory and profibrotic effects induced by the
use of cyclosporine [42]. There are experimental, but non-clinical studies,
demonstrating the efficacy of paricalcitol in reducing nephrotoxicity of
CNIs. Although our study was not designed to assess the protective role of
paricalcitol in CNIs nephrotoxicity our data could be considered positive.
Indeed, in the follow-up, the stability of renal function was associated
with a slight reduction of proteinuria in proteinuric patients and not the
appearance of proteinuria in proteinuria-free patients. Even though our
study lasted only 24 months, in RTRs treated with cyclosporine we did
not notice any changes in renal function and proteinuria that remained
stable throughout the study. In RTRs treated with cyclosporine during
the study, there were no changes of blood pressure values, of proteinuria,
and of the number of patients treated with renin-angiotensin blockers or
their dosage. On the contrary in RTRs not treated with cyclosporine, there
was a reduction of proteinuria, but not statistically significant. Finally, it
is not well known whether paricalcitol may interfere with the metabolism
of CNIs influencing their serum levels. In our experience, we did not
record any change in the serum levels of CNIs which lead to the need for
adjustment of their doses.

Our study has some limitations represented by a low number of the
patient’s sample; lack of a control group; lack of an accurate measurement
of the glomerular filtration rate. However, these limitations are partially
offset by the fact that the patients were evaluated prospectively, and
with an adequate duration of the study. The duration of the observation
allowed us to state that paricalcitol is a well-tolerated and an effective drug
and moreover does not seem to affect renal function. Furthermore, in our
study, there was frequent monitoring of various laboratory parameters,
that are not always evaluated in other studies.

In conclusion, long-term treatment of SHPT after renal transplantation
with low doses of paricalcitol was effective in reducing PTH levels with
very few episodes of hypercalciuria and/or hypercalcemia not resulting in
the definitive suspension of therapy. Renal function was stable throughout
the study period, even in those patients who were taking cyclosporine.
This finding suggests that we can not rule out a nephroprotective role of
paricalcitol in patients at high risk of nephrotoxicity. All this makes the
paricalcitol therapy effective and well tolerated.

References

1. Messa P, Sindici C, Cannella G, Miotti V, Risaliti A, et al. (1998)
Persistent secondary hyperparathyroidism after renal transplantation.
Kidney Int 54: 1704-1713.

Citation: Massimetti C, Imperato G, Feriozzi S (2017) Effectiveness and Safety of Oral Paricalcitol Therapy on Long-Term Treatment of Normocalcemic
Persistent Secondary Hyperparathyroidism in Renal Transplant Patients. J Transplant Res 2(2): doi http://dx.doi.org/10.16966/2473-1730.111


http://dx.doi.org/10.16966/2473-1730.111
https://www.ncbi.nlm.nih.gov/pubmed/9844148
https://www.ncbi.nlm.nih.gov/pubmed/9844148
https://www.ncbi.nlm.nih.gov/pubmed/9844148

nnnnnnnnnnnnnnnnnnnnn

Open Access

Akaberi S, Lindergard B, Simonsen O, Nyberg G (2006) Impact of
parathyroid hormone on bone density in long-term renal transplant
patients with good graft function. Transplantation 82: 749-752.

lyer SP, Nikkel LE, Nishiyama KK, Dworakowski E, Cremers S, et al.
(2014) Kidney transplantation with early corticosteroid withdrawal:
paradoxical effects at the central and peripheral skeleton. J Am Soc
Nephrol 25: 1331-1341.

Mazzaferro S, Pasquali M, Taggi F, Baldinelli M, Conte C, et al. (2009)
Progression of Coronary Artery Calcification in Renal Transplantation
and the Role of Secondary Hyperparathyroidism and Inflammation.
Clin J Am Soc Nephrol 4: 685-690.

Evenepoel P, Claes K, Kuypers D, Maes B, Bammens B, et al. (2004)
Natural history of parathyroid function and calcium metabolism after
kidney transplantation: a single-centre study. Nephrol Dial Transplant
19: 1281-1287.

Gwinner W, Suppa S, Mengel M, Hoy L, Kreipe HH, et al. (2005) Early
calcification of renal allografts detected by protocol biopsies: causes
and clinical implications. Am J Transplant 5: 1934-1941.

Egbuna Ol, Taylor JG, Bushinsky DA, Zand MS (2007) Elevated
calcium phosphate product after renal transplantation is a risk factor
for graft failure. Clin Transplant 21: 558-566.

Kidney Disease: Improving Global Outcomes (KDIGO) CKD-
MBD Work Group (2009) KDIGO clinical practice guideline for the
diagnosis, evaluation, prevention, and treatment of Chronic Kidney
Disease-Mineral and Bone Disorder (CKD-MBD). Kidney Int Suppl
113: S1-S130.

Evenepoel P, Claes K, Kuypers DR, Debruyne F, Vanrenterghem Y
(2007) Parathyroidectomy after successful kidney transplantation: a
single centre study. Nephrol Dial Transplant 22: 1730-1737.

Baker LR, Abrams L, Roe CJ, Faugere MC, Fanti P, et al. (1989)
1,25(0OH)2D3 administration in moderate renal failure: a prospective
double-blind trial. Kidney Int 35: 661-669.

Shoben AB, Rudser KD, de Boer IH, Young B, Kestenbaum B (2008)
Association of oral calcitriol with improved survival in nondialyzed
CKD. J Am Soc Nephrol 19: 1613-1619.

Moe SM, Drieke TB (2003) Management of secondary
hyperparathyroidism: the importance and the challenge of controlling
parathyroid hormone levels without elevating calcium, phosphorus,
and calcium-phosphorus product. Am J Nephrol 23: 369-379.

Weber G, Cazzuffi MA, Frisone F, de Angelis M, Pasolini D, etal. (1988)
Nephrocalcinosis in children and adolescents: sonographic evaluation
during long-term treatment with 1,25-dihydroxycholecalciferol. Child
Nephrol Urol 9: 273-276.

Peng LW, Logan JL, James SH, Scott KM, Lien YH (2007) Cinacalcet-
associated graft dysfunction and nephrocalcinosis in a kidney
transplant recipient. Am J Med 120: e7-€9.

Falk P, Vethe NT, Asberg A, Midtvedt K, Bergan S, et al. (2008)
Cinacalcet'’s effect on the pharmacokinetics of tacrolimus, cyclosporine
and mycophenolate in renal transplant recipients. Nephrol Dial
Transplant 23: 1048—-1053.

Fukagawa M, Drieke TB (2016) Parathyroidectomy or Calcimimetic
to Treat Hypercalcemia after Kidney Transplantation? J Am Soc
Nephrol 27: 2221-2224.

Evenepoel P, Claes K, Kuypers D, Maes B, Vanrenterghem Y (2005)
Impact of parathyroidectomy on renal graft function, blood pressure
and serum lipids in kidney transplant recipients: a single centre study.
Nephrol Dial Transplant 20: 1714-1720.

Lund RJ, Andress DL, Amdahl M, Williams LA, Heaney RP (2010)
Differential effects of paricalcitol and calcitriol on intestinal calcium
absorption in hemodialysis patients. Am J Nephrol 31: 165-170.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Coyne D, Acharya M, Qiu P, Abboud H, Batlle D, et al. (2006) Paricalcitol
capsule for the treatment of secondary hyperparathyroidism in stages
3 and 4 CKD. Am J Kidney Dis 47: 263-276.

Sprague SM, Llach F, Amdahl M, Taccetta C, Batlle D (2003) Paricalcitol
versus calcitriol in the treatment of secondary hyperparathyroidism.
Kidney Int 63: 1483-1490.

Tonbul HZ, Solak Y, Atalay H, Turkmen K, Altintepe L (2012) Efficacy
and tolerability of intravenous paricalcitol in calcitriol-resistant
hemodialysis patients with secondary hyperparathyroidism: 12-month
prospective study. Ren Fail 34: 297-303.

Teng M, Wolf M, Lowrie E, Ofsthun N, Lazarus JM, et al. (2003)
Survival of patients undergoing hemodialysis with paricalcitol or
calcitriol therapy. N Engl J Med 349: 446-456.

Amer H, Griffin MD, Stegall MD, Cosio FG, Park WD, et al.
(2013) Oral paricalcitol reduces the prevalence of posttransplant
hyperparathyroidism: results of an open label randomized trial. Am J
Transplant 13: 1576-1585.

Gonzalez E, Rojas-Rivera J, Polanco N, Morales E, Morales JM, et al.
(2013) Effects of oral paricalcitol on secondary hyperparathyroidism
and proteinuria of kidney transplant patients. Transplantation 95:
e49-e52.

Borrego Utiel FJ, Bravo Soto JA, Merino Pérez MJ, Gonzalez Carmelo
I, Lopez Jiménez V, et al. (2015) Effect of paricalcitol on mineral
bone metabolism in kidney transplant recipients with secondary
hyperparathyroidism. Nefrologia 35: 363-373.

Trillini M, Cortinovis M, Ruggenenti P, Reyes Loaeza J, Courville K,
et al. (2015) Paricalcitol for secondary hyperparathyroidism in renal
transplantation. J Am Soc Nephrol 26: 1205-1214.

National Kidney Foundation (2003) K/DOQI clinical practice guidelines
for bone metabolism and disease in chronic kidney disease. Am J
Kidney Dis 42: S1-S201.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,
et al. (2009) CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration). A New Equation to Estimate Glomerular Filtration
Rate. Ann Intern Med 150: 604-612.

Christensen SE, Nissen PH, Vestergaard P, Heickendorff L, Brixen
K, et al. (2008) Discriminative power of three indices of renal
calcium excretion for the distinction between familial hypocalciuric
hypercalcaemia and primary hyperparathyroidism: a follow-up study
on methods. Clin Endocrinol (Oxf) 69: 713-720.

Messa P, Cafforio C, Alfieri C (2010) Clinical impact of hypercalcemia
after kidney transplant. G Ital Nefrol 27: 47-55.

Rojas E, Carlini RG, Clesca P, Arminio A, Suniaga O, et al. (2003)
The pathogenesis of osteodystrophy after renal transplantation as
detected by early alterations in bone remodeling. Kidney Int 63: 1915-
1923.

Cueto-Manzano AM, Konel S, Freemont AJ, Adams JE, Mawer B, et
al. (2000) Effect of 1,25-dihydroxyvitamin D3 and calcium carbonate
on bone loss associated with long-term renal transplantation. Am J
Kidney Dis 35: 227-236.

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

Lehmann G, Ott U, Stein G, Steiner T, Wolf G, et al. (2007)
Renal osteodystrophy after successful renal transplantation: a
histomorphometric analysis in 57 patients. Transplant Proc 39: 3153-
3158.

Moorthi RN, Moe SM (2013) Recent advances in the noninvasive
diagnosis of renal osteodystrophy. Kidney Int 84: 886-894.

Santos F, Smith MJ, Chan JC (1986) Hypercalciuria Associated With
Long-term Administration of Calcitriol (1,25-Dihydroxyvitamin D3).
Action of Hydrochlorothiazide. Am J Dis Child 140: 139-142.

Citation: Massimetti C, Imperato G, Feriozzi S (2017) Effectiveness and Safety of Oral Paricalcitol Therapy on Long-Term Treatment of Normocalcemic
Persistent Secondary Hyperparathyroidism in Renal Transplant Patients. J Transplant Res 2(2): doi http://dx.doi.org/10.16966/2473-1730.111


http://dx.doi.org/10.16966/2473-1730.111
https://www.ncbi.nlm.nih.gov/pubmed/17006320
https://www.ncbi.nlm.nih.gov/pubmed/17006320
https://www.ncbi.nlm.nih.gov/pubmed/17006320
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4033378/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4033378/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4033378/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4033378/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2653657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2653657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2653657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2653657/
https://www.ncbi.nlm.nih.gov/pubmed/14993493
https://www.ncbi.nlm.nih.gov/pubmed/14993493
https://www.ncbi.nlm.nih.gov/pubmed/14993493
https://www.ncbi.nlm.nih.gov/pubmed/14993493
https://www.ncbi.nlm.nih.gov/pubmed/15996242
https://www.ncbi.nlm.nih.gov/pubmed/15996242
https://www.ncbi.nlm.nih.gov/pubmed/15996242
https://www.ncbi.nlm.nih.gov/pubmed/17645720
https://www.ncbi.nlm.nih.gov/pubmed/17645720
https://www.ncbi.nlm.nih.gov/pubmed/17645720
https://www.ncbi.nlm.nih.gov/pubmed/19644521
https://www.ncbi.nlm.nih.gov/pubmed/19644521
https://www.ncbi.nlm.nih.gov/pubmed/19644521
https://www.ncbi.nlm.nih.gov/pubmed/19644521
https://www.ncbi.nlm.nih.gov/pubmed/19644521
https://www.ncbi.nlm.nih.gov/pubmed/17371780
https://www.ncbi.nlm.nih.gov/pubmed/17371780
https://www.ncbi.nlm.nih.gov/pubmed/17371780
https://www.ncbi.nlm.nih.gov/pubmed/2651758
https://www.ncbi.nlm.nih.gov/pubmed/2651758
https://www.ncbi.nlm.nih.gov/pubmed/2651758
https://www.ncbi.nlm.nih.gov/pubmed/18463168
https://www.ncbi.nlm.nih.gov/pubmed/18463168
https://www.ncbi.nlm.nih.gov/pubmed/18463168
https://www.ncbi.nlm.nih.gov/pubmed/14551461
https://www.ncbi.nlm.nih.gov/pubmed/14551461
https://www.ncbi.nlm.nih.gov/pubmed/14551461
https://www.ncbi.nlm.nih.gov/pubmed/14551461
https://www.ncbi.nlm.nih.gov/pubmed/2856045
https://www.ncbi.nlm.nih.gov/pubmed/2856045
https://www.ncbi.nlm.nih.gov/pubmed/2856045
https://www.ncbi.nlm.nih.gov/pubmed/2856045
http://www.amjmed.com/article/S0002-9343(05)00892-2/fulltext
http://www.amjmed.com/article/S0002-9343(05)00892-2/fulltext
http://www.amjmed.com/article/S0002-9343(05)00892-2/fulltext
https://academic.oup.com/ndt/article/23/3/1048/1829658/Cinacalcet-s-effect-on-the-pharmacokinetics-of
https://academic.oup.com/ndt/article/23/3/1048/1829658/Cinacalcet-s-effect-on-the-pharmacokinetics-of
https://academic.oup.com/ndt/article/23/3/1048/1829658/Cinacalcet-s-effect-on-the-pharmacokinetics-of
https://academic.oup.com/ndt/article/23/3/1048/1829658/Cinacalcet-s-effect-on-the-pharmacokinetics-of
https://www.ncbi.nlm.nih.gov/pubmed/26772195
https://www.ncbi.nlm.nih.gov/pubmed/26772195
https://www.ncbi.nlm.nih.gov/pubmed/26772195
https://www.ncbi.nlm.nih.gov/pubmed/15919696
https://www.ncbi.nlm.nih.gov/pubmed/15919696
https://www.ncbi.nlm.nih.gov/pubmed/15919696
https://www.ncbi.nlm.nih.gov/pubmed/15919696
https://www.ncbi.nlm.nih.gov/pubmed/20016142
https://www.ncbi.nlm.nih.gov/pubmed/20016142
https://www.ncbi.nlm.nih.gov/pubmed/20016142
https://www.ncbi.nlm.nih.gov/pubmed/16431255
https://www.ncbi.nlm.nih.gov/pubmed/16431255
https://www.ncbi.nlm.nih.gov/pubmed/16431255
https://www.ncbi.nlm.nih.gov/pubmed/12631365
https://www.ncbi.nlm.nih.gov/pubmed/12631365
https://www.ncbi.nlm.nih.gov/pubmed/12631365
https://www.ncbi.nlm.nih.gov/pubmed/22251408
https://www.ncbi.nlm.nih.gov/pubmed/22251408
https://www.ncbi.nlm.nih.gov/pubmed/22251408
https://www.ncbi.nlm.nih.gov/pubmed/22251408
http://www.nejm.org/doi/full/10.1056/NEJMoa022536#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa022536#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa022536#t=article
https://www.ncbi.nlm.nih.gov/pubmed/23601186
https://www.ncbi.nlm.nih.gov/pubmed/23601186
https://www.ncbi.nlm.nih.gov/pubmed/23601186
https://www.ncbi.nlm.nih.gov/pubmed/23601186
https://www.ncbi.nlm.nih.gov/pubmed/23545517
https://www.ncbi.nlm.nih.gov/pubmed/23545517
https://www.ncbi.nlm.nih.gov/pubmed/23545517
https://www.ncbi.nlm.nih.gov/pubmed/23545517
https://www.ncbi.nlm.nih.gov/pubmed/26306956
https://www.ncbi.nlm.nih.gov/pubmed/26306956
https://www.ncbi.nlm.nih.gov/pubmed/26306956
https://www.ncbi.nlm.nih.gov/pubmed/26306956
https://www.ncbi.nlm.nih.gov/pubmed/25194004
https://www.ncbi.nlm.nih.gov/pubmed/25194004
https://www.ncbi.nlm.nih.gov/pubmed/25194004
https://www.ncbi.nlm.nih.gov/pubmed/14520607
https://www.ncbi.nlm.nih.gov/pubmed/14520607
https://www.ncbi.nlm.nih.gov/pubmed/14520607
https://www.ncbi.nlm.nih.gov/pubmed/19414839
https://www.ncbi.nlm.nih.gov/pubmed/19414839
https://www.ncbi.nlm.nih.gov/pubmed/19414839
https://www.ncbi.nlm.nih.gov/pubmed/19414839
https://www.ncbi.nlm.nih.gov/pubmed/18410554
https://www.ncbi.nlm.nih.gov/pubmed/18410554
https://www.ncbi.nlm.nih.gov/pubmed/18410554
https://www.ncbi.nlm.nih.gov/pubmed/18410554
https://www.ncbi.nlm.nih.gov/pubmed/18410554
https://www.ncbi.nlm.nih.gov/pubmed/20191460
https://www.ncbi.nlm.nih.gov/pubmed/20191460
https://www.ncbi.nlm.nih.gov/pubmed/12675872
https://www.ncbi.nlm.nih.gov/pubmed/12675872
https://www.ncbi.nlm.nih.gov/pubmed/12675872
https://www.ncbi.nlm.nih.gov/pubmed/12675872
https://www.ncbi.nlm.nih.gov/pubmed/10676721
https://www.ncbi.nlm.nih.gov/pubmed/10676721
https://www.ncbi.nlm.nih.gov/pubmed/10676721
https://www.ncbi.nlm.nih.gov/pubmed/10676721
https://www.ncbi.nlm.nih.gov/pubmed/11689387
https://www.ncbi.nlm.nih.gov/pubmed/11689387
https://www.ncbi.nlm.nih.gov/pubmed/11689387
https://www.ncbi.nlm.nih.gov/pubmed/18089342
https://www.ncbi.nlm.nih.gov/pubmed/18089342
https://www.ncbi.nlm.nih.gov/pubmed/18089342
https://www.ncbi.nlm.nih.gov/pubmed/18089342
https://www.ncbi.nlm.nih.gov/pubmed/23802194
https://www.ncbi.nlm.nih.gov/pubmed/23802194
https://www.ncbi.nlm.nih.gov/pubmed/3753816
https://www.ncbi.nlm.nih.gov/pubmed/3753816
https://www.ncbi.nlm.nih.gov/pubmed/3753816

é—‘SSc!fgt%shgn

Open Access

37.

38.

39.

Brandenburg VM, Floege J (2008) Adynamic bone disease—bone
and beyond. NDT Plus 3: 135-147.

Thadhani R, Appelbaum E, Pritchett Y, Chang Y, Wenger J, et al.
(2012) Vitamin D therapy and cardiac structure and function in patients
with chronic kidney disease: The PRIMO randomized controlled trial.
JAMA 307: 674-684.

Michels WM, Grootendorst DC, Verduijn M, Elliott EG, Dekker FW,
et al. (2010) Performance of the Cockcroft-Gault, MDRD, and New
CKD-EPI formulas in relation to GFR, age, and body size. Clin J Am
Soc Nephrol 5: 1003-1009.

40.

41.

42.

Myers BD, Ross J, Newton L, Luetscher J, Perlroth M (1984)
Cyclosporine-associated chronic nephropathy. N Engl J Med 311:
699-705.

Nankivell BJ, Borrows RJ, Fung CL, O’Connell PJ, Allen RD, et al.
(2003) The natural history of chronic allograft nephropathy. N Eng J
Med 349: 2326-2333.

Park JW, Bae EH, Kim IJ, Ma SK, Choi C, et al. (2010) Paricalcitol
attenuates cyclosporine-induced kidney injury in rats. Kidney Int 77:
1076-1085.

Citation: Massimetti C, Imperato G, Feriozzi S (2017) Effectiveness and Safety of Oral Paricalcitol Therapy on Long-Term Treatment of Normocalcemic
Persistent Secondary Hyperparathyroidism in Renal Transplant Patients. J Transplant Res 2(2): doi http://dx.doi.org/10.16966/2473-1730.111


http://dx.doi.org/10.16966/2473-1730.111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4421169/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4421169/
https://www.ncbi.nlm.nih.gov/pubmed/22337679
https://www.ncbi.nlm.nih.gov/pubmed/22337679
https://www.ncbi.nlm.nih.gov/pubmed/22337679
https://www.ncbi.nlm.nih.gov/pubmed/22337679
https://www.ncbi.nlm.nih.gov/pubmed/20299365
https://www.ncbi.nlm.nih.gov/pubmed/20299365
https://www.ncbi.nlm.nih.gov/pubmed/20299365
https://www.ncbi.nlm.nih.gov/pubmed/20299365
https://www.ncbi.nlm.nih.gov/pubmed/6382005
https://www.ncbi.nlm.nih.gov/pubmed/6382005
https://www.ncbi.nlm.nih.gov/pubmed/6382005
https://www.ncbi.nlm.nih.gov/pubmed/14668458
https://www.ncbi.nlm.nih.gov/pubmed/14668458
https://www.ncbi.nlm.nih.gov/pubmed/14668458
https://www.ncbi.nlm.nih.gov/pubmed/20237458
https://www.ncbi.nlm.nih.gov/pubmed/20237458
https://www.ncbi.nlm.nih.gov/pubmed/20237458

	Title
	Corresponding author
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion 
	References
	Table 1
	Table 2
	Figure 1

