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CLINICAL STUDY

Efficacy and Tolerability of Intravenous Paricalcitol in
Calcitriol-Resistant Hemodialysis Patients with Secondary
Hyperparathyroidism: 12-Month Prospective Study

Halil Zeki Tonbul1, Yalcin Solak1, Huseyin Atalay1, Kultigin Turkmen1 and Lutfullah Altintepe2

1Division of Nephrology, Department of Internal Medicine, Meram School of Medicine, Selcuk University, Meram, Konya,
Turkey; 2Division of Nephrology, Meram Research and Training Hospital, Meram, Konya, Turkey

Abstract

Rationale/objectives: Data are limited regarding the use of paricalcitol in calcitriol-resistant patients with secondary
hyperparathyroidism (SHPT). We aimed to evaluate the effects of paricalcitol in calcitriol-resistant hemodialysis patients
with SHPT. Methods: This is a 12-month, open-label, prospective study. Forty patients with calcitriol-resistant and/or
calcitriol-intolerant SHPT were included. After a washout period, all patients converted to paricalcitol with a 1:3 con-
version ratio. Serum calcium and phosphorus were monitored monthly, while serum intact parathyroid hormone (iPTH)
once in every 3 months. Paricalcitol dose was reduced or discontinued in case of hypercalcemia and/or hyperphos-
phatemia. Pre- and posttreatment electrolyte and iPTH values were compared with Student’s t-test and Wilcoxon
signed-rank test, respectively. Main findings: Forty patients completed the study. Mean initiation dose of paricalci-
tol was 23 ± 7 µg/week. Mean serum calcium was 8.9 ± 0.8 mg/dL at baseline and 9.4 ± 0.7 mg/dL at study end
(p = 0.07). Mean monthly serum phosphorus levels stayed stable. Paricalcitol was effective in reducing iPTH levels
when compared with pretreatment values (747.9 ± 497.2 pg/mL, 307.3 ± 417.1 pg/mL, respectively; p < 0.001).
Thirty-two patients had to discontinue intravenous (IV) paricalcitol at some time during their treatment. Main reasons
for discontinuation were as follows: hyperphosphatemia (58%), hypercalcemia (25%), and iPTH < 150 pg/mL (17%).
Principle conclusions: Paricalcitol was found to be effective in reducing iPTH levels in calcitriol-resistant patients with
SHPT despite relatively frequent drug discontinuation rates.
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INTRODUCTION

Secondary hyperparathyroidism (SHPT) is a common
occurrence in end-stage renal disease (ESRD) patients
and affects approximately 75% of patients undergoing
hemodialysis.1 SHPT is characterized by parathyroid
gland hyperplasia, increased levels of serum intact
parathyroid hormone (iPTH), and resultant morbidity.2

SHPT is associated with bone disease, neuromuscu-
lar disease, and soft tissue and vascular calcification
and potentially with accelerated atherosclerosis in ESRD
patients.3

Treatment of SHPT is essentially based on dietary
phosphate restriction, administration of oral phos-
phate binders, and vitamin D (calcitriol) replacement.4
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Treatment of SHPT with active vitamin D compounds
is logical and generally effective.5 Vitamin D activates
intracytoplasmic receptors, which directly inhibit iPTH
synthesis.6

The parent active vitamin D molecule, calcitriol,
has been successfully used for the treatment of SHPT
in dialysis patients.7 Despite its beneficial effects on
serum iPTH levels, the use of calcitriol is limited mainly
by its phosphatemic and calcemic effects especially
when used concomitantly with calcium-based oral phos-
phate binders.8 Because calcitriol stimulates vitamin D
receptors that increase intestinal absorption of calcium
and phosphorus, with consequent hypercalcemia and
hyperphosphatemia, calcitriol potentially increases the
risk of ectopic vascular calcification and cardiovascular
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mortality.4 To overcome this untoward effect of cal-
citriol, newer vitamin D analogues such as paricalci-
tol (19-nor-1α,25(OH)2D2) have been devised. Pari-
calcitol has lesser calcemic and phosphatemic effects
compared with calcitriol.9,10 A few studies have made
head-to-head comparison of paricalcitol and calcitriol in
the treatment of SHPT.11–14 These studies have shown
superiority of paricalcitol in terms of iPTH reduction
with lesser degree of hyperphosphatemia and hyper-
calcemia in paricalcitol-treated patients compared with
calcitriol treatment. On the other hand, there is scarcity
of data regarding the role of paricalcitol in patients
with SHPT who cannot tolerate intravenous (IV) cal-
citriol treatment due to hypercalcemia and/or hyper-
phosphatemia and who show insufficient iPTH reduc-
tion. There are only two studies that evaluated the effi-
cacy and tolerability of paricalcitol in patients who are
intolerant or resistant to calcitriol treatment.15,16 There
are a lot of patients with very high serum iPTH hor-
mone levels and/or hyperphosphatemia/hypercalcemia
with calcitriol treatment. These patients pose a greater
challenge for caring nephrologists than native patients
with SHPT.

Hence, we aimed to investigate the effects of IV pari-
calcitol treatment in maintenance hemodialysis patients
with SHPT who are resistant to or intolerant of (owing
to hypercalcemia and hyperphosphatemia) IV calcitriol
treatment.

MATERIALS AND METHODS

This is a 12-month, open-label, prospective intervention
study conducted at two private hemodialysis centers.
The flowchart of study design is depicted in Figure 1. A
total of 230 patients who were undergoing maintenance
hemodialysis were screened. Patients with persistent
SHPT for at least 6 months despite treatment with
appropriate doses of IV calcitriol were recruited for the
study. Inclusion criteria were as follows: duration of
maintenance hemodialysis for at least 1 year, intolerance
or resistance to calcitriol treatment despite appropri-
ate dietary phosphate restriction, use of oral phosphate
binders and adequate dose adjustments of calcitriol, and
age >18 years. Resistance to calcitriol treatment was
described as persistently elevated serum iPTH levels
(>300 pg/mL) above guideline targets17 despite maxi-
mum tolerable doses of IV calcitriol treatment (up to 9
µg/week) for at least 6 months. Intolerance to calcitriol
was described as necessary discontinuation of IV cal-
citriol for three consecutive months owing to hypercal-
cemia and/or hyperphosphatemia despite switching to
noncalcium-containing phosphate binders and adequate
dose reduction of calcitriol. The study protocol was
approved by local ethics committee and all patients gave
signed informed consent before enrolling in the study.
The primary endpoint was the rate of decline in levels of
iPTH to target levels (between 150 and 300 ng/dL) with

230 hemodialysis

patients screened

140 patients with SHPT

under calcitriol

43 patients resistant or

intolerant to calcitriol

recruited

4 weeks washout

43 patients

IV paricalcitol

40 patients

completed study

12 months
1 patient died

2 lost to follow-up

Figure 1. Flow diagram of study design.

IV paricalcitol treatment. Secondary endpoints were the
frequency of hypercalcemia and/or hyperphosphatemia
related to paricalcitol treatment and the frequency of
treatment interruptions due to reduction of iPTH below
guideline targets and hyperphosphatemia and/or hyper-
calcemia.

All calcitriol-resistant or calcitriol-intolerant patients
were administered IV paricalcitol (Zemplar®; Abbott
Laboratories, Istanbul, Turkey) with a conversion dose
ratio of 1:3 (from calcitriol to paricalcitol) after a 4-week
washout period. The initial paricalcitol dose was main-
tained for a minimum of 4 weeks and subsequent
dose adjustments of paricalcitol were based on levels
of serum iPTH, calcium, and phosphorus. Other med-
ications including oral phosphate binders that patients
were already receiving at the start of the study were
not changed. Serum calcium and phosphorus levels
along with other standard biochemical and hemato-
logic parameters were determined at the outset of the
study. iPTH (normal range: 10–69 pg/mL) was deter-
mined by chemiluminescence method (Immulite 2000;
DPC, Los Angeles, CA, USA). Serum phosphorus and
calcium were studied monthly while iPTH levels were
studied every 3 months. For analyses, serum calcium
level was corrected according to serum albumin level. In
case of hyperphosphatemia and hypercalcemia, a prede-
fined protocol was used: paricalcitol dose was reduced
in half if serum phosphorus and calcium levels are
found between 5.5–6 and 10.2–11 mg/dL, respectively.
In case of hypercalcemia, we also switched patients
to noncalcium-containing phosphate binder sevelamer.
In case of elevations above these levels for calcium,
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phosphorus, or both, paricalcitol was discontinued; lev-
els of calcium and phosphorus were monitored; and
the drug was reinstituted after normalization of bio-
chemical parameters. All patients underwent hemodial-
ysis weekly thrice using a standard bicarbonate bath
(calcium 1.25 mmol/L) and received proper nutri-
tional counseling. Potential adverse effects of paricalci-
tol other than calcemic and phosphatemic events were
also monitored every week at a respective dialysis cen-
ter through comprehensive physical examination and
systems review.

Statistical Analyses
All data are presented as mean ± standard deviation
unless stated otherwise. Statistical differences in iPTH
measurements before and after paricalcitol treatment
were assessed by the Wilcoxon signed-rank test. Paired
sample t-test was used to compare pre- and posttreat-
ment values of calcium, phosphorus, and Ca × P.
The data were evaluated using SPSS 17 (SPSS, Inc.,
Chicago, IL, USA) statistical program.

RESULTS

A total of 230 patients were screened to be included
in the study. One hundred and forty patients (60%)
have been under calcitriol treatment for SHPT. Forty-
three patients (30.7% of patients using calcitriol) were
deemed eligible to be included in the study. Basic demo-
graphic characteristics and laboratory data of entire
study population are shown in Table 1. One patient
died and two patients were lost to follow-up during the
course of the study. Finally, 40 patients completed the
12-month study period and none was dropped due to
adverse effects. Comorbidities of study cohort were as
follows: diabetes mellitus type 2 in 8 patients (20%),

Table 1. Basic demographic and laboratory characteristics of the
study cohort.

Parameter
Value [mean ±

SD (range)]

Number of patients (n) 40 (22 males,
18 females)

Mean age (years) 53 ± 17
(18–83)

Dialysis vintage (months) 72 ± 52
(18–276)

Hemoglobin (g/L) 11.6 ± 1.9
Albumin (g/dL) 4.1 ± 0.4
iPTH (pg/mL) 747 ± 497

(305–2454)
Calcium (mg/dL) 8.9 ± 0.8
Phosphorus (mg/dL) 4.6 ± 1.1
Ca × P 41.4 ± 11.6
Use of oral phosphate binder [n (%)] 40 (100)
Calcium containing [n (%)] 26 (65)
Sevelamer [n (%)] 8 (20)
Sevelamer + calcium containing [n (%)] 6 (15)

Note: iPTH, intact parathyroid hormone; SD, standard deviation.

hypertension in 14 (35%), and coronary artery dis-
ease in 6 (15%). Mean initiation dose of paricalcitol
was 23 ± 7 µg/week; mean maintenance dose was
11 ± 4 µg/week. We did not observe any significant
adverse events associated with IV paricalcitol use other
than hypercalcemia and/or hyperphosphatemia. Mean
serum iPTH levels showed a gradual decrease through
the study period (Figure 2). Mean monthly serum cal-
cium values increased from 8.9 ± 0.8 mg/dL at baseline
to 9.4 ± 0.7 mg/dL at study end. Mean monthly serum
phosphorus levels stayed stable and did not exceed
guideline targets (Figure 3) despite hyperphosphatemic
surges in some patients.

Paricalcitol was generally effective in reducing
iPTH levels when compared with pretreatment val-
ues (Table 2). Thirty-nine patients (97.5%) completed
the study with lower iPTH values compared with pre-
treatment levels. However, at the 12th month not all
patients fulfilled therapeutic guideline targets. At the
12th month, 11 of 40 patients (27.5%) were at target
iPTH range (Figure 4). However, of all four measure-
ments during the IV paricalcitol treatment, 17 patients
(42.5%) achieved target iPTH level once, 5 patients
achieved twice (12.5%), and only 1 patient achieved
thrice (2.5%). Seventeen patients (42.5%) could not
achieve target iPTH levels in any of the four mea-
surements during the study period. Of the total 160
measurements of iPTH hormone, 29 measurements
(18.1%) were within target limits. Totally 101 measure-
ments (63.1%) were above 300 ng/mL.

Eight patients (20%) continued paricalcitol with-
out any interruption throughout the study period. The
remaining 32 patients (80%) had to discontinue IV par-
icalcitol at some time during their treatment. Median
duration for paricalcitol discontinuation was 4 months
(1–8 months). The majority of patients (25 of 32
patients, 78%) had to discontinue their drug more
than once during the 12-month period. Median num-
ber of discontinuation was 2 (range 1–5 times). Main
reasons for discontinuation of the paricalcitol treat-
ment were as follows: hyperphosphatemia [58% of all
discontinuation events, reason for discontinuation in
16 patients (40%)], hypercalcemia [25% of all dis-
continuation events, reason for discontinuation in six
patients (15%)], and iPTH < 150 pg/mL [17% of all
discontinuation events, reason for discontinuation in
10 patients (25%)].

There were 480 measurements for serum calcium
and phosphorus during the 12-month study period. We
detected 34 episodes in 17 patients (42.5% of patients,
mean number of episodes for each patient: 2) in
which serum calcium was between 10.2 and 11 mg/dL,
whereas there were 15 episodes in 11 patients (27.5%
of patients, mean number of episodes for each patient:
1.36) in which serum calcium was over 11 mg/dL.
There were 50 episodes in 23 patients (57% of patients,
mean number of episodes for each patient: 2.1) in
which serum phosphorus was between 5.5 and 6 mg/dL,

© 2012 Informa Healthcare USA, Inc.
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whereas there were 74 episodes in 26 patients (65% of
patients, mean number of episodes for each patient: 2.8)
in which serum phosphorus was over 6 mg/dL.

Serum iPTH levels did not show significant decrease
in three patients. All were diagnosed with parathyroid
adenoma. One patient accepted to undergo surgical
parathyroidectomy. His serum parathyroid hormone
levels reduced after surgical parathyroidectomy.

DISCUSSION

The main result of this was that paricalcitol was gen-
erally effective in reducing iPTH levels when compared
with pretreatment values. Notably paricalcitol achieved
this without a mean phosphatemic and/or calcemic

effect despite relatively frequent discontinuation due
to hyperphosphatemic and/or hypercalcemic surges in
some patients.

This may have resulted in reduction and/or discon-
tinuation of paricalcitol due to our lower thresholds of
serum calcium and phosphorus. Moreover, monitoring
iPTH levels once in every 3 months may have led to
unnecessary interruption of the vitamin D treatment
owing to overcorrection of serum iPTH levels below
guideline targets and calcium and/or serum phosphorus
derangements. One additional reason for frequent dis-
continuation due to hypercalcemia and/or hyperphos-
phatemia may be higher mean starting and maintenance
doses of paricalcitol compared with previous studies.15

None of the patients had to discontinue paricalcitol
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Table 2. Comparison of pre- and posttreatment values in serum calcium, phosphorus, and iPTH levels and Ca × P.

Parameter Pretreatment 12th month p-Value

iPTH (pg/mL) 747.9 (465–861) 307.3 (81–392) <0.001a

Calcium (mg/dL) 8.9 ± 0.8 9.4 ± 0.7 0.07b

Phosphorus (mg/dL) 4.6 ± 1.1 4.5 ± 0.9 0.713b

Ca × P 41.4 ± 11.6 42.8 ± 10.3 0.473b

Notes: iPTH, intact parathyroid hormone; SD, standard deviation.
aWilcoxon signed-rank test, median (interquartile range).
bPaired samples t-test, mean ± SD.
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Figure 4. Percentage of patients according to iPTH values defined by KDOQI guidelines at 3-month intervals during the study course.

due to an adverse event other than calcium and/or
phosphorus derangement.

Better achievement of KDOQI bone and mineral
metabolism guidelines is related to lower mortality
rates.18 However, it is difficult to fulfill all guideline
targets simultaneously.19 This may be particularly true
for patients with SHPT who are resistant to calcitriol
treatment.

Although calcitriol is effective, therapy is frequently
limited by hypercalcemia, hyperphosphatemia, and/or
elevations in the Ca × P. In their double-blind, random-
ized, multicenter study, Sprague et al.14 randomized
hemodialysis patients with serum Ca × P <75 and
a PTH level ≥300 pg/mL to receive either parical-
citol or calcitriol in a dose-escalating fashion for up
to 32 weeks. Paricalcitol-treated patients achieved a
≥50% reduction from baseline PTH significantly faster
than did the calcitriol-treated patients (p = 0.025) and
achieved a mean reduction of PTH into a desired ther-
apeutic range at approximately week 18, whereas the
calcitriol-treated patients were unable to achieve this
range. Moreover, paricalcitol-treated patients had sig-
nificantly fewer sustained episodes of hypercalcemia
and/or increased Ca × P than calcitriol patients. In a
12-week single-center, randomized, open-label study,
Abdul Gafor et al.11 showed that serum iPTH levels
were significantly reduced only in the paricalcitol group

but not in the calcitriol group, and serum calcium lev-
els were significantly increased only in the calcitriol
group. They found that serum phosphorus, alkaline
phosphatase, and Ca × P were not different between the
study groups. These results were reproduced in other
studies.11,14

It has been shown that paricalcitol treatment may
be associated with lower mortality,20 lower hospital-
ization rates, and in-hospital stay21 compared with
calcitriol treatment. These beneficial effects on hard
outcomes may not be related only to effects on calcium–
phosphorus metabolism but also depend on post-
receptor differences between the molecules.22

Previously Llach and Yudd15 studied the effects of
paricalcitol in 37 calcitriol-resistant patients with SHPT
in a long-term, prospective, open-label study. They
found that the mean iPTH level (baseline, 901 ± 58
pg/mL) decreased rapidly during the initial 2 months
and was 165 ± 24 pg/mL at 16 months. Mean cal-
cium and phosphorus levels did not change significantly
over the 16 months of paricalcitol therapy. They also
reported that eight patients developed hypercalcemia,
which was successfully managed by dietary counsel-
ing, phosphate-binder adjustment, and paricalcitol dose
reduction. Six patients developed hyperphosphatemia;
three patients responded adequately to dietary manip-
ulation and phosphate binders, but three patients had

© 2012 Informa Healthcare USA, Inc.
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repeated episodes. The main findings of this study
are in line with our findings. However, we observed
more hypercalcemia and hyperphosphatemia episodes,
which also responded to dose reduction or discontin-
uation of paricalcitol treatment. Consequently, discon-
tinuation rates of paricalcitol were higher in our study
compared with the study of Llach et al.. We think
that one of the main reasons for this difference may
be higher thresholds for serum calcium and phospho-
rus values used by Llach and Yudd.15 They withheld
paricalcitol dose if serum calcium levels increased to
>12.0 mg/dL or symptomatic hypercalcemia was sus-
pected. Likewise paricalcitol was also withheld if the
serum phosphorus levels increased to >7.5 mg/dL or
Ca × P was >75. We think that our thresholds were
more reasonable if we would like to prevent ectopic vas-
cular calcification, which is considered one of the main
determinants of cardiovascular mortality. Our thresh-
olds are also more compliant with KDOQI guideline
targets. Another explanation for our higher discontinua-
tion rates may be the monitoring policy for serum iPTH
levels once in every 3 months. This may have led to
more fluctuations in serum iPTH, calcium, and phos-
phorus levels compared with monthly measurements in
the study by Llach and Yudd.15 However, there is social
security reimbursement restriction regarding monthly
measurement of iPTH in our country. We think that in
contrast to calcitriol treatment, it would be more effi-
cacious and reasonable to monitor serum iPTH levels
on a monthly basis rather than at 3-month intervals.
This policy may reduce undesired interruption of the
vitamin D treatment and consequently may enhance
beneficial treatment results in terms of mortality and
calcium–phosphorus metabolism. Despite relatively fre-
quent discontinuation of paricalcitol, almost all patients
responded with an iPTH reduction compared with
baseline pretreatment levels. Monthly measurement of
iPTH may further enhance this beneficial effect without
causing untoward phosphatemic and calcemic actions.

Our study has some limitations. First, we did not
have a placebo group. However, we think that it was
not feasible to include a placebo group because we
were evaluating the effects of paricalcitol in calcitriol-
resistant or calcitriol-intolerant patients. We chose to
compare before and after treatment values with par-
icalcitol treatment. Second, we measured parathyroid
hormone levels every 3 months. We may have missed
some rapid changes in serum iPTH levels and this in
turn may have led to over- or undertreatment with par-
icalcitol with regard to serum iPTH levels. However,
current NKF/KDOQI guidelines17 recommend mea-
surement of serum iPTH levels once every 3 months.
We did not evaluate in all patients whether parathyroid
adenoma is present at the outset of the study. However,
we detected parathyroid adenoma in three unrespon-
sive patients to paricalcitol. Actually Shuja and Raja23

reported persistent severe hyperparathyroidism despite
paricalcitol treatment in peritoneal dialysis patients.

However, they did not provide the ratio of patients with
parathyroid adenoma. In a recent study, Vulpio et al.24

switched 30 hemodialysis patients with SHPT treated
previously with calcitriol for at least 6 months to par-
icalcitol with a 1:4 conversion ratio. They divided the
patients into two groups according to sonographically
determined parathyroid gland sizes. After a 6-month
treatment with paricalcitol, patients with lower parathy-
roid gland size achieved lower serum iPTH with lesser
concomitant hypercalcemia and/or hyperphosphatemia
and vice versa. Hence, the presence of parathyroid ade-
noma in our three patients who showed poor response to
paricalcitol treatment also supports the findings of this
latter study. It may be prudent to screen paricalcitol-
unresponsive patients in terms of the presence of
parathyroid adenoma. In these cases, adding cinacalcet
to treatment regimen or surgical parathyroidectomy as
the last resort may benefit patients.

In conclusion, this current study showed efficacy
of paricalcitol in reducing serum iPTH levels without
significant increases in mean serum calcium or phos-
phorus levels in patients with SHPT who are resistant
to calcitriol treatment. In patients with SHPT who
are resistant to calcitriol, an initial trial of paricalcitol
may be beneficial and cost-effective before conduct-
ing costly investigations in search for a parathyroid
adenoma. In patients who are also unresponsive to
paricalcitol, investigation for parathyroid adenoma is
warranted.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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