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Abstract

Purpose The optimal vitamin D5 therapy for the treatment
of secondary hyperparathyroidism (SHPT) in chronic hemo-
dialysis patients is still controversial. Recent studies suggest
that uremia in end-stage renal disease is associated with enzy-
matic hepatic dysfunction altering 25-hydroxylation of vita-
min D;. The goal of our study was to compare the efficacy of
calcitriol, the fully hydroxylated active form of vitamin D;, to
alfacalcidol which needs 25-hydroxylation to be effective, for
the treatment of SHPT in chronic hemodialysis patients.
Methods We retrospectively reviewed 45 chronic hemodi-
alysis patients who were switched from oral alfacalcidol to
oral calcitriol for the treatment of SHPT. Parathyroid hor-
mone (PTH), serum calcium and serum phosphorus levels
were compared pre- and post-conversion using paired Stu-
dent’s ¢ tests.

Results The mean dose of active vitamin D; decreased
from 3.50 mcg/week at baseline to 2.86 mcg (P < 0001)
after the switch from alfacalcidol to calcitriol. PTH signifi-
cantly decreased from 94.4 to 82.6 pmol/L (—11.8 pmol/L,
P = 0.02). The mean corrected calcium increased from 2.17
to 2.25 mmol/L (40.08 mmol/L, P < 0.001) without any
clinically significant hypercalcemia, and phosphorus levels
were stable. Results were similar in a subgroup of patients
(n = 17) for whom the medication was administrated during
the hemodialysis session, ensuring a complete compliance.
Conclusions According to our study, calcitriol in equal dos-
age is more effective than alfacalcidol in lowering serum
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PTH level in chronic hemodialysis patients. This suggests
that calcitriol may be the optimal active vitamin D, for the
treatment of SHPT in chronic hemodialysis patients.
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Introduction

Secondary hyperparathyroidism (SHPT) is a common
complication in chronic hemodialysis patients, occurring
in almost all hemodialysis patients [1]. If not adequately
controlled, SHPT can lead to significant consequences such
as bone structure and mineralization anomalies, hypercal-
cemia, accelerated vascular calcification and is associated
with higher morbidity and mortality [2, 3].

Hyperphosphatemia, hypocalcemia and diminished pro-
duction of 1,25-dihydroxyvitamin D5 by the kidney all con-
tribute to the augmentation of parathyroid hormone (PTH)
and therefore SHPT. In many cases, despite nutritional coun-
seling and the use of phosphate binders, it is difficult to attain
PTH targets recommended by the KDIGO guidelines [4]. The
addition of an active vitamin Dj is thus necessary to achieve
an optimal control of the SHPT in the context of insufficient
production. Alfacalcidol and calcitriol are currently the only
available active vitamin D, in Canada. Alfacalcidol, 1-alpha-
hydroxyvitamin D, is hydroxylated in position 1 but not in
position 25. Therefore, it requires hydroxylation by the liver
in position 25 to become the fully active 1,25-dihydroxyvita-
min D;. On the other hand, calcitriol is already hydroxylated
in positions 1 and 25, thus is already fully active.

There is currently limited data in the literature regarding
the most efficient vitamin D5 for the treatment of SHPT in
chronic hemodialysis patients. A recent study by Michaud
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et al. suggests that uremia is associated with hepatic enzy-
matic dysfunction altering calcidiol 25-hydroxylation in rats
[5]. Their results show that the production of calcitriol after
the administration of 1-alpha-hydroxyvitamin D; was signif-
icantly reduced by 48% (p < 0.05) in rats with chronic renal
failure compared with controls. Therefore, in uremia, calci-
triol, the fully hydroxylated active form of vitamin D5, could
be more effective than alfacalcidol for PTH suppression.

The goal of this study was to compare the efficacy of
calcitriol and alfacalcidol, for the treatment of SHPT in
chronic hemodialysis patients and to verify the dose equiv-
alence of these two active vitamins Dj.

Subjects and methods

To compare the efficacy of calcitriol and alfacalcidol, we
conducted a retrospective study of 45 chronic hemodialysis
patients for whom alfacalcidol administration was switched
to calcitriol for the treatment of SHPT between March
2011 and January 2013.

Inclusion criteria were patients over 18 years old, receiv-
ing 4-hour hemodialysis treatments three times weekly and
treated for SHPT who were switched from oral alfacalcidol
to oral calcitriol.

Exclusion criteria were parathyroidectomy, hepatic insuf-
ficiency and any modification of the medication used in
their treatment of hyperparathyroidism (phosphate binder,
cinacalcet) during the study period or incomplete data.

Primary endpoint was to compare the efficacy of calci-
triol and alfacalcidol in lowering PTH levels in the treat-
ment of SHPT in chronic hemodialysis patients. Intact PTH
assays were performed on a i2000 immunoassay analyzer
from Abbott Diagnostics.

Secondary endpoints were to examine changes in
phosphorus and calcium after the switch. Calcium was
corrected for the albumin level according to this for-
mula; Corrected calcium (mmol/L) = Calcium measured
(mmol/L) 4 0.02 x (40-albumin (g/L).

We compared different components of mineral metabo-
lism (PTH, calcium, phosphorus, alkaline phosphatase)
with paired Student’s ¢ tests at baseline and approximately
50 days post-conversion, to ensure metabolic stabilization.
We also analyzed a subgroup of patients receiving their
vitamin D; during their hemodialysis sessions, thus ensur-
ing 100% compliance.

Results
Fifty patients were initially selected for analysis, but five

were excluded (Fig. 1). Baseline characteristics of patients
are outlined in Table 1. All patients had hemodialysis
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45 patients included

Fig. 1 Patient flow diagram

Table 1 Patient characteristics

Baseline characteristic N %
Mean age (year) 67.7 (31-86)
Mean time in hemodialysis (year) 4.8 (0.3-13.5)
Sex
Female 26 57.7
Male 19 422
Cause of ESRD
Diabetes mellitus 22 48.9
Hypertension 10 222
Glomerulonephritis 6 13.3
ADPKD 2 4.4
Other 5 11.1
Ethnic origin
Caucasian 24 53.3
Black 15 333
Hispanic 2 4.4
Asian 2 4.4
Other 2 4.4

ADPKD Autosomal dominant polycystic kidney disease, ESRD end-
stage renal disease

sessions three times per week for an average of 12.6 h/
week and mean single-pool Kt/V was 1.66. The mean dial-
ysis vintage was 4.8 years.

The mean dose of alfacalcidol before the conversion was
3.50 £ 1.52 mcg/week, and the mean dose of calcitriol was
2.86 + 1.40 mcg/week after the conversion, which repre-
sents a 20% reduction in the active vitamin D5 (P < 0.001).
We observed a significant decrease in PTH with a mean of
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Table 2 Comparison of mineral metabolism parameters pre- and
post-conversion to calcitriol

Variable Pre (mean) Post (mean) Difference p value
PTH (pmol/L) 94 83 —12 0.02
Alkaline phos- 214 214 0 0.98
phatase (U/L)
Phosphorus 1.36 1.40 0.04 0.90
(mmol/L)
Calcium (mmol/L)  2.17 2.25 0.08 <0.001
(corrected for albu-
min)

Table 3 Comparison of mineral metabolism parameters pre- and
post-conversion to calcitriol in the subgroup receiving calcitriol dur-
ing the hemodialysis session

Variable Pre (mean) Post (mean) Difference p value
PTH (pmol/L) 94 85 -9 0.07
Alkaline phos- 307 307 0 0.98
phatase (U/L)
Phosphorus 1.37 1.29 0.08 0.24
(mmol/L)
Calcium (mmol/L)  2.33 2.39 0.05 0.05
(corrected for albu-
min)

94.4 £ 42.6 and 82.6 £ 53.0 pmol/L, pre- and post-con-
version, respectively (—11.8 £ 33.5 pmol/L; P = 0.02).
Mean corrected calcium for albumin increased from 2.17 to
2.25 mmol/L (+ 0.08 mmol/L; P < 0.0001). No clinically
significant hypercalcemia was observed during this study
(maximum value of 2.78 mmol/L). There was no signifi-
cant change in the phosphorus serum levels (Table 2).

In a subgroup of 17 patients for whom their vitamin D,
was administrated during the hemodialysis sessions, thus
ensuring 100% compliance, we observed a mean reduc-
tion in PTH of 9.4 4+ 19.9 pmol/L (P = 0.07) as well as an
increase in the mean calcium of 0.05 mmol/L (P = 0.051;
Table 3).

Discussion

Chronic kidney disease mineral and bone disorders regroup
anomalies in bones, in calcium, phosphorus, PTH or vita-
min D metabolism and vascular or other soft-tissue calcifi-
cations [4]. Following the KDIGO guidelines, treatment of
dialysis patients in this study aimed to normalize calcium
and phosphorus levels and to maintain PTH within two to
nine times the upper normal limit of 7.2 pmol/L of our lab-
oratory, thus targeting 14.4-64.8 pmol/L [4]. In this study,
45 patients were switched from alfacalcidol to calcitriol

because of the theoretical deficit in 25-hydroxylation in
those patient.

According to our study, calcitriol is more effective than
alfacalcidol in lowering serum PTH in chronic hemodi-
alysis patients, despite a 20% reduction in the vitamin D;
dose. There were no significant adverse effects observed
after the conversion. This PTH reduction toward the recom-
mended target may have been achieved with an increased
in the alfacalcidol dose, but demonstrates nevertheless the
advantage of calcitriol over alfacalcidol in this population.
This increase efficacy of calcitriol compared to alfacal-
cidol could be attributable to hepatic enzymatic dysfunc-
tion altering the 25-hydroxylation in uremic patients. As
demonstrated on murine models, chronic kidney disease is
associated with a down-regulation of the cytochrome P450
isoform in the liver, which is involved in the conversion of
25-hydroxyvitamin D5 to 1,25-dihydroxyvitamin Ds. This
reduction in enzyme activity could be secondary to the
PTH increase in end-stage renal disease (ESRD). This was
shown by the correction of de 1,25-dihydroxyvitamin vita-
min D; deficiency after a parathyroidectomy in rats with
ESRD and by an increase in 25-hydroxyvitamin vitamin
D; levels following parathyroidectomy in patients with pri-
mary hyperparathyroidism [5-7].

There are few studies comparing alfacalcidol and calci-
triol for the treatment of SHPT. Arenas et al. conducted a
retrospective study on 21 hemodialysis patients with SHPT
after the hospital pharmacy substituted calcitriol with
alfacalcidol. After the switch, they observe an increase of
38% of the mean PTH level (P < 0.001) [8]. A small rand-
omized, crossover trial study of five patients by Moe et al.
[9] showed a better suppression of the PTH with calcitriol
compared to alfacalcidol. More recently, Kiattisunthorn
et al. conducted a randomized trial comparing calcitriol
and alfacalcidol for the treatment of SHPT in 32 hemodi-
alysis patients. After 24 weeks of follow-up, the number of
patients who achieved target PTH was similar in the two
groups despite a significantly higher dose of alfacalcidol
(6.9 mcg/week) compared to calcitriol (4.1 mcg/week;
P < 0.001). They concluded that alfacalcidol could be used
at doses 1.5-2 times higher than the calcitriol dose to treat
SHPT [10]. Bezzaoucha et al. also conducted a small ret-
rospective study in ten alfacalcidol-resistant peritoneal
dialysis patients with SHPT whom were switch from alfa-
calcidol to calcitriol [11]. With a similar dose of calcitriol,
they observed a significant decrease in PTH level from
101 £ 75 to 43 &+ 24 pmol/L (P < 0.05) and a significant
increase in serum 1,25-dihydroxyvitamin vitamin D5 levels
from 23 £ 9 to 50 £ 21 pmol/L (P < 0.05), which suggest
that calcitriol is more effective in increasing 1,25-dihydrox-
yvitamin vitamin Dj; level than alfacalcidol because of an
hepatic enzymatic dysfunction altering the 25-hydroxyla-
tion of alfacalcidol in uremic patients.
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Despite these studies, uncertainty remains on how the
superiority of calcitriol over alfacalcidol influences the
treatment of SHPT in hemodialysis patients. All studies
were small with few patients, and the largest including 32
patients was conducted in an Asian population. We con-
ducted the present study, in a Canadian chronic hemodialy-
sis population, to validate the previously observed results.

One limitation of our study is that it is a single-center,
retrospective study. However, our study is the largest on
the subject. We also analyzed a subgroup of patients whose
compliance was assured, since their active vitamin D; was
administered during hemodialysis sessions under nursing
supervision and we observed the same result.

In conclusion, bypassing hepatic 25-hydroxylation
appears to be associated with greater efficacy of calcitriol
at increasing serum calcium and inhibiting PTH secretion.
These observations must be taken into consideration before
choosing a vitamin D; or switching from one to another.
In light of these results, calcitriol may be the treatment of
choice for SHPT in chronic hemodialysis patients, espe-
cially for those with resistant hyperparathyroidism, which
does not respond adequately to alfacalcidol. Alfacalcidol
remains a valid option in some predialysis patients with
mild secondary hyperparathyroidism easily controlled with
alfacalcidol.
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