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Abstract: Introduction — Secondary hyperparathyroidism (SHPT) is common in patients with chronic kidney disease (CKD) affecting most of
the patients in end stage renal disease. Materials and Methods — This prospective case control study was conducted on 50 adult patients
of CKD, having individual parathyroid hormone (iPTH) levels >300 pg/ml. These patients were divided into two groups: Group | (n=25)
received calcitriol in dosage of 0.5 pg/day. Group Il (n=25) received cinacalcet in dosage of 30 mg/day and calcitriol 0.5 ug/day. The study
was carried out for 6 month duration. Results — The mean basal value of iPTH decreased to 246.40+219.99 pg/ml at the end of the study
from basal value of 482.80+£229.86 in group Il. There was a 43% decrease in serum iPTH values in group Il as opposed to the 14% decrease
in group | (P<0.05). Serum CaxP decreased by 9% in group | and by 13% in group Il and there was statistically significant difference at the
end of 3 month as well as at the end of study in cinacalcet group. Conclusion — Cinacalcet is unique in its ability to simultaneously lower
PTH, calcium, phosphorus and CaxP in patients with SHPT and thus could become an important component in treatment of CKD patients.
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Introduction

Chronic kidney disease (CKD) is a disease entity associated
with premature mortality, decreased quality of life and increased
health care expenditure. Disorders of calcium and phosphate
metabolism is an important complication in CKD patients which
principally affects skeletal system and vascular beds with
occasional severe involvement of extra-osseous soft tissues [1].
The term chronic kidney disease, mineral bone disorder (CKD-
MBD) is used to recognize the broad spectrum of disorders of
mineral metabolism in this clinical setting, which develops as a
systemic disorder of mineral and bone metabolism as a results of
CKD. This can manifest by any one or combination of the following;
abnormalities of calcium, phosphorus, parathyroid hormone (PTH)
and vitamin D  metabolism leading to secondary
hyperparathyroidism, renal osteodystrophy, and vascular/soft
tissue calcifications [1-3].

Secondary hyperparathyroidism (SHPT) is the most prevalent
abnormality detected in CKD [4]. The pathogenesis of secondary
hyperparathyroidism consists of relative or absolute deficiency of
vitamin D and retention of phosphorus by the kidneys which begin
early in the course of CKD when kidney function is reduced to
approximately 60 ml/min/1.73m [5, 6]. Elevated serum levels of
PTH, phosphorus, and calcium -phosphorus ion product (CaxP) are
associated with an increased mortality risk due to various cardiac
complications [6-8]. In recognition of this, the National Kidney
Foundation Kidney Disease Outcome Quality Initiative (NKF-
KDOQI) has published treatment goals for these patients [9].
Conventional  treatment for  SHPT  includes  calcium

supplementation, dietary phosphate restriction, oral phosphate-
binding agents, active vitamin D sterols, and parathyroidectomy in
patients’ refractory to therapy. However, treatment with vitamin D
sterols may lead to hypercalcemia and hyperphosphatemia,
particularly when used with large doses of calcium containing
phosphate binders [10-12].

A significant proportion of hemodialysis patients receiving
such treatment have elevated calcium and phosphorus, potentially
requiring interruption of treatment that allows disease
progression [13,14]. A more recent observational study of
approximately 4000 dialysis patients found that achievement of
the NKF-KDOQI targets remained poor with traditional care. Eleven
per cent of these patients had PTH values that averaged 150 to
300 pg/ml during twelve month of follow-up, and only one per
cent of these patients had average values of PTH, calcium,
phosphorus, and CaxP over twelve months that were within all
four target ranges [15]. Even in patients treated with paracalcitol
that may have reduced capacity to enhance intestinal absorption
of calcium and phosphorus, more than sixty percent of the
patients experienced calcium levels greater than 11 mg/dl and/or
CaxP greater than 75 mgz/dl2 [16]. Consequently, achievement of
KDOQI treatment goals is difficult with conventional treatment
and novel treatment strategies are required.

The calcium-sensing receptor located on the surface of chief
cells in the parathyroid gland is the principal regulator of PTH
secretion and therefore is an ideal target for therapies to treat
SHPT [17-19]. The calcimimetics have provided an alternative
approach to the treatment of SHPT by directly targeting these
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calcium-sensing receptor. These agents increase the extracellular
calcium sensitivity of the Calcium sensing receptors to lower
circulating PTH levels within 1 to 2 h of administration [18, 20].
Cinacalcet, a relatively new calcimimetic agent devoid of problems
of the earlier vitamin D analogues, when added to conventional
treatment regimens can simultaneously address all four KDOQI
targets (Serum Ca** and PO,”, serum iPTH, CaxP) with less adverse
effects [21, 22].

The present study has been planned to compare the efficacy of
cinacalcet and calcitriol with calcitriol alone, in terms of lowering
PTH, calcium phosphate product, serum calcium and serum
phosphorous levels in patients of chronic kidney disease with
secondary hyperparathyroidism.

Materials and Methods

The present study was a prospective case control study was
conducted on 50 adult patients of age 20-75 years recruited from
the Kidney and Dialysis Clinic of our institute. The study was duly
approved by the ethical committee of University of Health
Sciences. A pre-informed written consent for inclusion in this study
was also obtained from all the patients. The study was carried out
on adult patients of CKD, with iPTH levels >300 pg/ml, for a
duration of 6 months. Patients were randomized into one of two
groups in alternating fashion.

Group | — (n=25) receiving calcitriol in dosage of 0.5 pg/day.

Group Il — (n=25) receiving cinacalcet in dosage of 30 mg/day
and calcitriol 0.5 pg/day.

Patients with primary hyperparathyroidism and other causes
of secondary hyperparathyroidism and hypercalcemia, such as
sarcoidosis and malignancy, patients having any underlying
medical condition such as malabsorption syndrome or severe liver
disease that might alter the absorption or metabolism of calcitriol,
patients with albumin corrected serum calcium concentration less
than 8.4 mg% were excluded from the study. Also excluded were
patients with any condition that will, preclude a patient from
remaining in the study such as alcohol / drug abuse, psychiatric
disorder, pregnancy and patients on inhibitors/inducers of
cytochrome Pyso (CYP 3A4).

Each patient was subjected to detailed physical examination
and investigation at the time of enroliment into the study. They
continued to receive anti-hypertensives, supplemental calcium,
phosphate binders and diuretics as per their biochemical renal
profile and clinical examination. A dialysate calcium concentration
of 2.5 meq/l was used in all patients requiring hemodialysis.

Patients were followed up and examined on monthly basis.
Routine investigations including serum calcium levels, serum
phosphorous levels and serum calcium phosphorous product were
assessed at baseline and during each visit. iPTH levels were
measured at the start of study, at 3 months and at the end of
study (6 months after treatment), by chemiluminescent immuno
assay (CLIA) method. Estimated glomerular filtration rate (eGFR)
was measured using Modification of Diet in Renal Disease (MDRD)
formula. On each visit patient was subjected to a detailed
questionnaire for adverse effect profile such as headache, malaise,
palpitation, constipation, dyspepsia, allergic reaction, excessive
thirst, frequency of micturition and abdominal pain.

The results were analyzed by unpaired t-test and various
values were expressed as Mean2SD.

Nephrology
Table 1. Baseline parameters of case and control groups
Parameters Group | Group Il P-level
Hemoglobin (gm %) 8.27+1.08 8.15+1.20 >0.05
Serum potassium (meq/L) 4.37+0.65 4.15%0.87 >0.05
Serum sodium (megq/L) 141.00+6.23 139.48+5.28 >0.05
Blood urea (mg %) 140.56+48.99 151.32143.14 >0.05
Blood sugar fasting (mg%) 108.08+73.88 89.28+2.33 >0.05

Blood sugar post prandial

117.36+26.0 111.08+28.35 >0.05

(mg%)
Serum creatinine (mg %) 4.92+1.93 5.52+1.41 >0.05
Serum calcium (mg %) 9.08+0.54 9.20+0.48 >0.05
Serum phosphorous (mg %) 6.14+0.79 5.7740.32 >0.05
S Ici hosphat

erum calciim PROSPRAte oo 694786 53.0045.12 >0.05
product (mg°/dI)
GFR (ml/min) 17.88+4.21 18.00%3.99 >0.05

Table 2. Variations in mean blood urea, serum creatinine, corrected
serum calcium and serum phosphorous levels

Parameters Group | Group Il P-level

Blood Urea Levels (mg%)

- Basal 140.56+48.99 144.08+41.21 >0.05

-3“ month 129.40+43.67 153.92+49.43 >0.05
-6"month 133.52444.55 145.28+41.86 __ >0.05_ _

Serum Creatinine Levels (mg%)

- Basal 4.92+1.93 5.52+1.41 >0.05

-3 month 4.82+1.95 5.78+1.45 >0.05
oETmonth  496:202  600£L69 __ >005

Correlated Serum Calcium Levels (mg%)

- Basal 9.08+0.54 9.20+0.48 >0.05

-3 month 8.95+0.52 8.85+0.26 >0.05
-6'month 8801079 860:0.27 005

Serum Phosphorus Levels (mg%)

- Basal 6.14+0.79 5.77+0.32 >0.05

-3 month 5.96+0.77 5.38+0.52 <0.05

- 6" month 5.78+0.79 5.35+0.48 <0.05

Results

The mean age of the patients in group | was (47.28+14.47)
with a range of 20-75 years. The patients of group Il had a mean
age of (49.24+13.21) with a range of 20-65 years. Majority of
patients were above 40 years of age. Seven patients in group | and
eight patients in group Il were younger than 40 years. Male female
ratio was 2.1:1. Baseline renal parameters were comparable in
both the groups (Table 1).

Chronic glomerulonephritis was the most common cause of
chronic kidney disease, followed by other causes including diabetic
nephropathy, hypertensive nephropathy, adult polycystic kidney
disease, obstructive uropathy and renal amyloidosis.

The blood urea level almost remained constant during the
study and the difference in the value was not statistically
significant between the two groups. However; there was an
increase in serum creatinine value in group Il, while it remained
constant in group |. The difference between values of serum
creatinine in two groups was not significant at any given point of
time.

The mean basal values of corrected serum calcium level were
9.20+0.48 and 9.08+0.54 in group Il and group | respectively. There
was slow decrease in serum calcium levels during the study in both
groups and at the end of the study were 8.60+0.27 and 8.80+0.79
respectively. Although the mean decrease was around 7% in
group Il and 3% in group |, the difference between values of serum
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calcium in two groups were not significant at any given point of
time. There was statistically significant difference in serum
phosphorus levels in group Il and group | at the end of 3 month
and at the end of study. The mean serum phosphorous level
decreased from 5.77+0.32 to 5.35+0.48 in group Il and from
6.14+0.79 to 5.78+0.79 in group I|. Although the corresponding
decrease in serum phosphorous levels were 7% and 5%
respectively, the proportions of patients achieving the targeted
phosphorus level (<5.5 mg/dl) was higher in group Il (76%) than in
group | (44%) with P<0.05 (Table 2).

Serum calcium phosphate product decreased by 13% in
group Il and by 9% in group I, which was statistically significant
both at the end of 3™ month and at the end of study. The mean
calcium phosphate product decreased from 53.00+5.12 at
baseline, to 47.82+4.30 and 46.05+4.43 at 3 months and 6 months
respectively, in group Il; whereas the corresponding values in
group | were 55.69+7.86, 53.08+7.29, and 50.75+7.02 respectively.
All the seven patients of group Il who were having CaxP level
>55 mg’/dI* achieved the targeted CaxP level <55 mg?/dI* (100%)
whereas in group | only 76% patients achieved this target level
with conventional care (Table 3, Figure 1).

The mean iPTH levels decreased progressively throughout the
study in both the groups, but the decrease was modest in group I.
iPTH levels decreased from 482.80£229.86 at baseline to
246.40+219.99 at the end of study in group Il, and from
490.52+271.76 to 420.80+288.61 over the same interval for group
| patients. There was a 43% decline in serum iPTH values in group I
as opposed to the 14% decrease in group |. The median iPTH
values at baseline and at the end of the study were 421 and 191
for group Il; whereas for group | it was 467 and 374 respectively.
The difference in serum iPTH level between group | and group Il at
the end of study was statistically significant (P<0.05) (Table 3,
Figure 2).

Among 25 patients in group Il, 21 (84%) achieved target goal
for iPTH (150-300 pg/ml), while in patients of group | only 11 (44%)
achieved this target at the end of study. Among 25 patients in
group Il, 14 (56%) achieved greater than 50% reduction in serum
iPTH levels at the end of study whereas only one out of 25 (4%)
group | patients achieved this target at the end of study.

None of the patients in any group developed significant side
effects so as to warrant reduction in dosage or withdrawal of the
drug. The observations of the study revealed that cinacalcet along
with calcitriol reduces parathyroid hormone levels significantly
with a relatively low incidence of hypercalcemia compared to
calcitriol alone without any significant side effect.

Discussion

Traditional therapies for SHPT are limited by adverse effect
profile that may place patients at higher risk for vascular
calcification. Vitamin D increases calcium and phosphorus
absorption from the intestine increasing the incidence of
hypercalcemia and hyperphosphatemia, frequently necessitating
treatment interruptions which eventually result in inadequate
control of PTH and disease progression [23, 24]. Poor control of
mineral metabolism is also associated with a higher risk for death,
calcification of the coronary arteries and aorta, increased arterial
stiffness, and cardiac valve calcification [1-3, 8]. A recent report
from a large international dialysis database demonstrated that
among hemodialysis (HD) patients in five European countries,

hospitalization rates for cardiovascular-related causes were as high
as 26% [25]. Despite lack of definitive link between PTH and
increased cardiovascular disease risk, there are observational data
that illustrate a strong association between cardiac mortality and
serum phosphorus and calcium phosphate product (CaxP) levels.
Hyperphosphatemia is often closely associated with SHPT in the
context of increased mortality in dialysis patients. The adjusted
relative risk of death was found to be higher with serum
phosphorus levels greater than 6.5 mg/dl and CaxP product levels
greater than 72 mgz/dlz. This translates into a 1.27 and 1.34
relative mortality risk for elevated serum phosphorus and CaxP
product levels, respectively [26].
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Figure 1. Variation in calcium phosphate product (CaxP) during the study.
The decrease in CaxP was statistically significant (P<0.05) at 3 months as
well as at the end of the study (6 months).
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Figure 2. Variations in serum iPTH levels during the study.
The decrease in serum levels was statistically significant (P<0.05) at the end

of the study.

Table 3. Variation in calcium phosphate product and serum iPTH levels

Parameters Group | Group Il P-level
Serum Calcium Phosphate Product (mg?/dI’)

- Basal 55.69+7.86 53.00+5.12 >0.05
-3“ month 53.08+7.29 47.82+4.30 <0.05

-6"month  50.757.02 4605443  <0.05

Serum Intact PTH Levels (pg/ml)

- Basal 490.52+271.76 482.80+229.86 >0.05
-3“ month 443.80+271.07 329.52+204.76 >0.05

- 6" month 420.80+288.61 246.40+£219.99 <0.05

© 2013, LLC Science and Innovations, Saratov, Russia

WWW.romj.org



ISSN 2304-3415, Russian Open Medical Journal 2013; 2: 0309

4

Nephrology

There is thus considerable interest in identifying therapeutic
alternatives that control secondary hyperthyroidism while limiting
these side effects. The calcium-sensing receptor regulates the
secretion of parathyroid hormone. Calcimimetic agents increase
the sensitivity of the calcium-sensing receptors to extracellular
calcium ions, inhibit the release of parathyroid hormone, and
lower parathyroid hormone levels within a few hours after
adminnstration [21, 28-30]. This mechanism of action differs from
that of vitamin D sterols, which diminish the transcription of the
parathyroid hormone gene and hormone synthesis over a period
of many hours or several days. The KDOQI guidelines for the
management of bone metabolism and disease in CKD aim to
reduce the risk of vascular calcification and bone disease through
the control of biochemical parameters. Cinacalcet is unique in its
ability to simultaneously lower PTH, calcium, phosphorus and CaxP
in patients with SHPT and thus could become an important
component in treatment. Because cinacalcet is not associated with
elevations in calcium and phosphorus, treatment strategies that
include cinacalcet may allow better achievement of the KDOQI
targets and possibly reduce complications associated with SHPT. In
addition, lowering calcium and phosphorus levels with cinacalcet
may allow the use of physiologic doses of vitamin D sterols with a
reduced risk for occurrence of hypercalcemia and
hyperphosphatemia.

The present study showed that significantly greater proportion
of subjects receiving cinacalcet along with calcitriol achieved a
PTH <300 pg/ml and CaxP <55mg”/dl>. The results of this study
demonstrate that once-daily oral cinacalcet is effective and safe
for the management of SHPT in patients who are receiving HD.
Cinacalcet was superior to control treatment for iPTH reduction in
this study, including mean percentage reduction in iPTH from
baseline. Despite the high prevalence of patients with severe
disease at baseline, 74% of cinacalcet treated patients in this study
achieved a mean iPTH level <300 pg/ml, the upper limit of the PTH
target range recently set by the NKF-KDOQI guidelines. The
decrease in iPTH values affected by cinacalcet was accompanied
by reductions in mean CaxP, calcium, and phosphorus levels
consistent with previous studies. The results were consistent with
OPTIMA algorithm where 71% of patients achieved the primary
end point of a mean iPTH value <300 pg/ml and 82% achieving
either mean iPTH <300 pg/ml or a 230% mean reduction from
baseline [31]. Similar results were obtained in ACHIEVE study
where median iPTH levels declined progressively among the study
group. Significantly greater proportion of subjects receiving
Cinacalcet achieved a PTH <300 pg/ml (44 versus 23), with
concurrent KDOQI defined control of PTH, calcium, phosphorus,
and CaxP.32 In a study by Geoffrey et al., iPTH levels were
significantly lower in patients given Cinacalcet than in those
receiving placebo. Mean parathyroid hormone decreased by 43%
in Cinacalcet group but increased by 9% in placebo group. The
CaxP declined by 15 % in the Cinacalcet group while it remained
unchanged in the placebo group. It was concluded that Cinacalcet
effectively reduced PTH levels independently of disease severity or
changes in vitamin D sterol dose [21].

Conclusion

There is less incidence of hypercalcemia with use of cinacalcet
and calcitriol than calcitriol alone in SHPT associated with chronic
kidney disease. This study overall supports efficacy of cinacalcet
with calcitriol as a therapeutic strategy for SHPT. Although caution
must be exercised, since over suppressed PTH levels may not be

beneficial and indeed could be associated with increased risk of
low bone turn over disease or other adverse outcomes. Together
these findings underscore the challenges of achieving and
maintaining PTH levels within a relatively narrow therapeutic
target range. However; long term follow-up studies have to be
undertaken to assess the efficacy of cinacalcet with calcitriol in the
treatment of secondary hyperparathyroidism.

Conflict of interest: none declared.
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