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Calcimimetics and outcomes in CKD
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In the past decade, several experimental studies
demonstrated an inhibitory effect of calcimimetics on the
progression of vascular calcification in animals with chronic
kidney disease (CKD), in keeping with the expression of the
calcium-sensing receptor (CaR) in vascular tissue. In addition,
calcimimetics were also found to prevent the arterial
remodeling caused by CKD and to slow the progression of
atherosclerosis in uremic rats and mice, respectively. The
mode of action of these CaR modulators could be both via a
better control of secondary hyperparathyroidism and direct
effects on the vessel wall. Two main clinical trials, ADVANCE
and EVOLVE, recently evaluated in patients with CKD stage
5D the effects of the calcimimetic cinacalcet on the
progression of vascular calcification and hard cardiovascular
outcomes, respectively. Both trials missed their respective
primary end point by intent-to-treat analysis although by
other prespecified analyses, including adjustment for
baseline characteristics, there was strong suggestive
evidence in favor of reductions in risk, in agreement with
numerous experimental studies. Further clinical trials are
needed to settle this issue definitively.
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The development of calcimimetics, which are synthetic
allosteric modulators of the calcium-sensing receptor (CaR),
has been a breakthrough in the treatment of secondary
hyperparathyroidism in patients with chronic kidney disease
(CKD). Calcimimetics are also in clinical use for patients with
primary hyperparathyroidism and those with parathyroid
carcinoma. Several different compounds have been synthe-
sized, but the only calcimimetic presently available for
treatment in human patients is cinacalcet.

Initially, it was thought that the CaR was mainly expressed
in organs regulating systemic calcium homeostasis, including
kidney, intestine, bone, thyroid, and the parathyroid glands.
Subsequently, it became clear that this receptor, which is the
first identified G protein-coupled receptor to be activated by
an ion,! is present in many other tissues and cell types,
including the cardiovascular system,” and exerts many
functions other than the regulation of serum Ca®™".!

In the setting of CKD, the cellular expression of the CaR
has been shown to be reduced as compared with physiolo-
gical conditions. Initially, CaR downregulation was shown in
parathyroid tissue.®"® This process apparently occurs not
before but only after the development of parathyroid
hyperplasia, as shown in rats with short-term CKD.” It is
enhanced by high phosphate intake.'” It can be upregulated
by the administration of calcimimetics, concomitantly with
the correction of reduced vitamin D receptor expression.''
Notably, CaR activation by calcimimetics has also been
reported to accelerate parathyroid apoptosis in uremic rats.'*

Subsequently, it was found that CaR downregulation in
CKD also occurred in other tissues, including the cardiovas-
cular system.” These observations have led to the hypothesis
that CaR activation by calcimimetics might exert beneficial
effects not only with respect to the CKD-associated bone and
mineral disorder (CKD-MBD) but also on CKD-associated
cardiovascular disease. Here below we present experimental
and clinical evidence in favor of this hypothesis, with main
focus on vascular calcification as an intermediate outcome
both in experimental and clinical studies and on cardiovas-
cular events and mortality in one animal study and several
clinical studies.

EXPERIMENTAL EVIDENCE

As downregulation of CaR expression has been observed in
association with calcification of vascular smooth muscle cells
(VSMC) in vitro* and in human atherosclerotic-calcified
arteries,” several groups of authors have assessed the effect of

431


http://dx.doi.org/10.1038/kisup.2013.90
http://www.kidney-international.org
mailto:tilman.drueke@inserm.fr

review

TB Driieke: Calcimimetics and outcomes in CK

calcimimetics on the progression of vascular calcification in
VSMC in vitro and in animal models with CKD in vivo.

In vitro studies

The calcimimetics R-568" and calindol'* have been shown to
decrease VSMC calcification induced by high phosphate
concentrations in culture medium. This decrease was
abolished in CaR-siRNA-transfected cells.'”> The mechanism
behind the inhibitory effect of calcimimetics on vascular
calcification could be a stimulation of matrix-gla protein
(MGP) production by VSMC, as initially suggested by
Farzaneh-Far et al."> and subsequently supported by observa-
tions of others in rat and bovine VSMCs, respectively.'*'®
However, in vitro activation of CaR by R-568 did not modify
phosphate-enhanced MGP release in our experimental human
VSMC model."? These apparent discrepancies may be due to
the use of VSMC from different species, with possibly variable
induction of bone morphogenic protein-2 (BMP-2) which is
itself a regulator of MGP synthesis and may decrease MGP
expression.'” Of interest, in the study by Ciceri et al.'* using
bovine VSMC, increased expression of BMP-2 under high
medium phosphate conditions was effectively prevented by
calindol. Another possibility of the apparently inconsistent
findings is that in none of these in vitro studies the state of
gamma-glutamyl carboxylation and phosphorylation of the
MGP molecule was assessed. Undercarboxylated and nonpho-
sphorylated MGP, but not fully carboxylated and phosphory-
lated MGP, was found to correlate with vascular calcification
in the clinical setting of patients with CKD.'®"

In vivo studies

Studies in different animal models of CKD showed an
inhibitory effect of the calcimimetics AMG 641°**' or
cinacalcet®” on the progression of vascular calcification in rats
and of the calcimimetic R-568 in mice," respectively. Whereas
in uremic rats vascular calcification was induced either by
pharmacological doses of calcitriol or paricalcitol or by feeding
high doses of adenine, in our apolipoprotein E (apoE)-
deficient mouse model with superimposed uremia aortic
calcification occurred spontaneously, both in media and in
atherosclerotic intima (Figure 1). One of the possible
mechanisms of action clearly is suppression of parathyroid
overfunction, together with a decrease in serum calcium and
phosphate concentrations. This is in line with the observation
that surgical parathyroidectomy led to a similar reduction in
vascular calcification in an experimental model of high-dose
calcitriol-induced arterial mineralization.”> The parathyroid
hormone (PTH)-dependent effect does, however, not preclude
other mechanisms, including the abovementioned direct effects
on the vessel wall. In recent clinical studies, the administration
of cinacalcet led to a decrease in circulating fibroblast growth
factor 23 (FGF23) concentration, whereas vitamin D and/or its
active derivatives generally increased it.2*2°> However, such an
effect of calcimimetics on serum FGF23 was not observed in
two recent animal studies."”*® Whether FGF23 favors the

. . . 27,2
occurrence or progression of vascular calcification®”*® or
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Figure 1| Aortic calcification in chronic renal failure (CRF) and
non-CRF apoE '~ mice treated with vehicle, calcimimetic
R-568, or high-dose calcitriol; (a) plaque and (b) non-plaque
(media) calcification. Both types of calcification were increased
in CRF compared with non-CRF apoE~’~ mice. CRF apoE ™~ mice
treated with R-568 exhibited a decrease of aortic root plaque and
non-plaque calcification compared with vehicle-treated CRF mice.
However, CRF apoE ™'~ mice treated with a pharmacological dose
of calcitriol showed a striking increase of aortic root plaque
calcification and nonplaque calcification compared with control
CRF mice receiving vehicle. In addition, vascular plaque and non-
plaque calcification was higher in calcitriol-treated CRF mice
compared with R-568-treated mice (from Ivanovski et al.,'® with
permission).

not*>*® remains an unsolved issue, in contrast to the well-
established negative effects of high FGF23 on cardiac structure
and function.”

Notably, the administration of calcimimetics also exerted
favorable actions on uremia-induced arterial remodeling
in rats with CKD,?>* together with a decrease in the
vascular expression of BMP-2 and a reduction in osteo-
blastic transdifferentiation of VSMGC,*> and reduced the
progression of atherosclerosis in apoE-deficient mice with
CKD (Figure 2).13

Most interestingly, Lopez et al.*® were able to demonstrate
in their rat model with CKD and arterial calcification
induced by high-dose calcitriol treatment that survival
was significantly reduced in the animals treated with
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Figure 2 | Aortic root and thoracic aorta plaque area in chronic
renal failure (CRF) and non-CRF apoE '~ mice treated with
vehicle, calcimimetic R-568, or high-dose calcitriol. (a) Aortic
root atherosclerosis lesions were increased in CRF compared with
non-CRF apoE ™'~ mice. R-568-treated CRF mice had a significant
decrease in aortic plaque area compared with vehicle-treated CRF
apoE~’~ mice. No significant change in aortic plaque area was
observed in calcitriol-treated CRF apoE '~ mice compared with
vehicle-treated CRF apoE '~ mice. (b) Atherosclerotic lesions in
thoracic aorta were significantly increased in CRF compared with
non-CRF apoE ™'~ mice. Atherosclerotic lesions were significantly
less extended in R-568-treated CRF apoE '~ mice than in vehicle-
treated CRF apoE '~ mice. In contrast, high-dose calcitriol-treated
CRF apoE '~ mice exhibited a significant increase in lesions at this
anatomical site compared with R-568-treated CRF apoE ™'~ mice,
but not compared with vehicle-treated CRF apoE '~ mice (from
Ivanovski et al,,'® with permission). NS, not significant.

this most active vitamin D derivative, whereas survival was
improved in the animals concomitantly treated with the
calcimimetic AMG 641.

Recently, a novel peptide, AMG 416 (formerly KAI-4169
and now named velcalcetide in the United States), has been
identified that acts as a CaR agonist.”” It is structurally
unrelated to the calcimimetics discussed so far. It acts by a
mechanism distinct from that of cinacalcet, the only
approved calcimimetic in clinical practice, as it can activate
CaR both in the presence and the absence of physiological
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levels of extracellular Ca>*. This new CaR agonist has also
been shown to reduce the progression of vascular calcifica-
tion in uremic rats (surgical 5/6 nephrectomy model), in
addition to a potent inhibitory effect on PTH secretion.”

CLINICAL EVIDENCE

Observational studies

Block et al.’* tested the question whether prescription of the
calcimimetic cinacalcet to hemodialysis patients with sec-
ondary hyperparathyroidism improved their survival. They
prospectively collected data on chronic hemodialysis patients
from a large provider in the United States beginning in 2004,
a time coincident with the commercial availability of
cinacalcet hydrochloride. They merged this information with
data in the US Renal Data System to determine all-cause and
cardiovascular mortality. All patients included in the study
received intravenous treatment with active vitamin D
derivatives, which was considered as a surrogate for the
diagnosis of parathyroid overfunction. Of the 19,186 patients,
5976 received cinacalcet and all were followed for up to 26
months. They used unadjusted and adjusted time-dependent
Cox proportional hazards modeling to analyze the data. They
found that all-cause and cardiovascular mortality rates were
significantly lower for the hemodialysis patients treated with
cinacalcet than for those who did not receive calcimimetic
treatment. Thus this observational study found a significant
survival benefit associated with cinacalcet prescription in
patients receiving intravenous vitamin D. However, the study
had several limitations, the most important one being the
possibility that residual confounding by indication might be
responsible for the findings. Clearly, observational studies
such as this one cannot establish a cause-and-effect relation-
ship; they are only hypothesis generating.

Prospective clinical trials
The first large-scale trial of cinacalcet therapy was reported in
2004 in 741 adults with CKD stage 5D. It assessed treatment
efficacy based on intact PTH concentrations.” Between 2004
and early 2012, 11 additional trials were reported, although
none was primarily designed to evaluate treatment effects on
patient-relevant outcomes, including mortality or adverse
events.”®

In 2011, Raggi et al.”’ reported the results of the ADVANCE
study whose objective was to examine whether in chronic
hemodialysis patients the administration of cinacalcet plus
low-dose vitamin D sterols was superior to flexible doses of
vitamin D sterols alone in slowing the progression of vascular
and valvular calcification. Eligible subjects were on hemodia-
lysis for 3 months with serum PTH values >300pg/ml or
serum PTH values of 150-300pg/ml together with a
calcium—phosphorus product >50mg*/dl* while receiving
vitamin D. All subjects received calcium-based phosphate
binders. Coronary artery calcification (CAC) and aorta and
cardiac valve calcium scores were determined both by Agatston
scoring and the more recently developed volume scoring
using multi-detector computed tomography. Subjects with
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Agatston CAC scores >30 were randomized to cinacalcet
(30-180 mg/day) plus low-dose calcitriol or vitamin D analog
(<2 pg paricalcitol equivalent/dialysis) or flexible vitamin D
therapy. The primary end point was percentage change in
Agatston CAC score from baseline to week 52.

Median Agatston CAC scores increased 24% in the
cinacalcet group and 31% in the flexible vitamin D group
(P=0.073). Corresponding changes in volume CAC scores
were 22 and 30% (P =0.009). Increases in calcification scores
were consistently less in the aorta, aortic valve, and mitral
valve among subjects treated with cinacalcet plus low-dose
vitamin D sterols, and the differences between groups were
significant at the aortic valve. The authors concluded that in
hemodialysis patients with moderate-to-severe secondary
hyperparathyroidism, cinacalcet plus low-dose vitamin D
sterols may attenuate vascular and cardiac valve calcification.

In late 2012, Chertow et al.”’ reported the Evaluation of
Cinacalcet Therapy to Lower Cardiovascular Events
(EVOLVE) trial in 3883 patients receiving long-term hemo-
dialysis treatment. It was the first trial specifically designed to
evaluate cinacalcet treatment plus standard of care versus
placebo plus standard of care on patient-centered outcomes,
using a primary composite outcome of all-cause mortality or
first nonfatal cardiovascular event (myocardial infarction,
myocardial ischemia, heart failure, or peripheral vascular
event). Standard of care included the use of phosphate
binders and vitamin D sterols. Secondary end points were
cardiovascular mortality, stroke, clinical bone fracture, para-
thyroidectomy, and components of composite primary end
point. The trial was event driven, requiring 1882 primary end
point events for study termination. Its duration had to be
extended by 16 months beyond the initially planned 4 years
because of lower event rates than anticipated. The primary
analysis was performed on the basis of the intention-to-treat
(ITT) principle. Prespecified secondary analyses included
multivariable analyses adjusting for baseline characteristics,
and companion analyses with lag censoring, in which data
were censored 6 months after patients stopped using a study
drug. The median duration of study drug exposure was 21.2
months in the cinacalcet group versus 17.5 months in the
placebo group. There was a high number of study drug
discontinuation by non-protocol-specified reasons in the
placebo group, much higher than anticipated, with 20% of
patients in that group receiving commercial cinacalcet before
the occurrence of a primary event. This high drop-in rate and
other factors limited the statistical power of the trial such that,
in contrast to the original assumption of a 20% treatment
effect, with the observed study duration and observed rates of
events, drop-outs, and drop-ins the re-estimated statistical
power was only 54%.

The primary composite end point in the EVOLVE trial was
reached in 938 of 1948 patients (48.2%) in the cinacalcet
group and in 952 of 1935 patients (49.2%) in the placebo
group, stratified according to country and diabetes status
(relative hazard in the cinacalcet group vs. the placebo group,
0.93; 95% confidence interval, 0.85-1.02, P=0.11). Thus
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there was a 7% nonsignificant reduction in the risk of the
primary composite end point with cinacalcet in the ITT analysis.
After adjustment for baseline characteristics, there was a
nominally significant 12% reduction in risk. Although analyses
accounting for study drug exposure are subject to chance, bias,
and confounding, there were consistent (and nominally
significant) effects, up to a 15% reduction in the primary
composite end point and a 17% reduction in mortality, using
the abovementioned prespecified secondary analyses.

Cinacalcet reduced the rate of parathyroidectomy by more
than half. As to side effects, hypocalcemia and gastrointest-
inal adverse events were significantly more frequent in
patients receiving cinacalcet, as already reported in the first
large cinacalcet trial in 2004.>

Thus EVOLVE did not meet its primary end point in the
unadjusted ITT analysis, although it showed a 7% reduction
in the risk of death or cardiovascular events with cinacalcet in
hemodialysis patients treated for secondary hyperparathyr-
oidism. ITT analyses adjusted for baseline characteristics
suggest that treating secondary hyperparathyroidism with
cinacalcet results in nominally significant reductions in the
risk of death or cardiovascular events. An analysis censoring
data after study drug discontinuation suggests a reduced risk
with cinacalcet.

CONCLUSION

Numerous experimental studies done in vitro and in vivo
have shown that calcimimetics are able to inhibit the
mineralization of VSMC and the progression of vascular
calcification, respectively. Other beneficial actions on the
vessel wall have also been observed. However, in the clinical
arena the superiority of calcimimetics over standard of care
concerning the progression of vascular calcification and hard
cardiovascular outcomes in patients with CKD stage 5D,
although probable, has not yet been proven definitively. The
limited statistical power of both the ADVANCE trial and the
EVOLVE trial done in patients who are frequently frail and
chronically ill is certainly the main reason for the persisting
uncertainty.
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