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ABSTRACT

INTRODUCTION: Chronic kidney disease-mineral and bone disorders (CKD-MBD)

are associated with costly complications and dismal hard-outcomes.

AREAS COVERED: In two comprehensive articles we review contemporary and
future pharmacological options for treatment of phosphate (P) imbalance (part 1) and
hyperparathyroidism (this part 2), taking into account CKD-accelerated cardiovascular

calcification (CVC) processes.

EXPERT OPINION: Improvements in CKD-MBD require an integral approach,
addressing all three components of the CKD-MBD triad. Here, initial guidance to
control hyperparathyroidism is provided, taking into account the presence/absence of
CVC. We include also measures for patients at risk of adynamic bone disease or
suffering from calciphylaxis. Many epidemiological studies (relating to vitamin D) and
thorough analyses of recent randomized clinical trials (of cinacalcet) point towards
benefits of attempting to improve biochemical parameters while trying to, at least, avoid
progression of CVC by more rational use of intestinal P-binders and low-dose vitamin
D derivatives and/or calcimimetics. This approach does not seem to be far away from
significantly improving hard-outcomes, at least in the dialysis population. The
availability of new drugs and the performance of randomized clinical trials should
ultimately lead to define earlier, clearer, and more cost-effective patient stratification

and biochemical targets with consequent significant clinical improvements.



1) INTRODUCTION

As previously mentioned in part 1 of this review?, accelerated atherosclerosis
and premature ageing are closely associated with chronic kidney disease (CKD) and
particularly with end-stage renal disease (ESRD)?=. The term chronic kidney disease-
mineral and bone disorder (CKD-MBD) was introduced eleven years ago to define a
triad of laboratory and bone abnormalities and tissue (mainly vascular) calcifications, all
of which are linked to poor hard-outcomes ®7. Currently, bone is considered a new
endocrine organ at the heart of CKD-MBD, while there is ongoing controversy as to

whether CKD-MBD should be regarded as a real syndrome or not®®.

The increasing availability of new phosphate (P)-binders (reviewed in reference
1), vitamin D (VD) receptor activators (VDRA) and the innovative development of
modulators of the calcium (Ca)-sensing receptor (CaSR) —calcimimetics- have
significantly increased our therapeutic armamentarium®!t, Furthermore, the appearance
of sevelamer and recognition of the fibroblast growth factor-23 (FGF23)/klotho axis
have helped to review paradigms in the pathophysiology of secondary
hyperparathyroidism (SHPT)*?*3 and to increase awareness of the presence of
cardiovascular calcification (CVC) and the need to quantify it'*°, These developments
have given rise to the concept that CKD-MBD-related drugs such as non-Ca-based P-
binders may attenuate the accelerated progression of CVC in CKD patients and
potentially improve survival*>8, Consequently, other agents such as anti-parathyroid

drugs have also been analyzed in this regard.

In order to control the increasing parathyroid hormone (PTH) levels, new VDRA
and calcimimetics were introduced that allowed not only medical treatment of
previously calcitriol-resistant patients with severe forms of SHPT?® but also earlier and

more effective control of CKD-MBD-related laboratory parameters. Experimental and



clinical studies have also shown that some anti-parathyroid agents may attenuate the
progression of CVC?%?L potentially leading to improved survival?>-24, The number of
parathyroidectomies (PTX) has also markedly dropped?®2%, and it should not be
forgotten that PTX (and PTX-related percutaneous injections of ethanol or VD in
parathyroid glands) are not exempt from important risks, especially in the perioperative
period and during the year after the procedure?’, including permanent

hypoparathyroidism.

Against this background, the purpose of this article is to provide an update on
the contemporary pharmacological control of PTH in the context of CKD-MBD. The
first part focused on agents that aim to control P imbalance and this second part covers
anti-parathyroid drugs such as VD derivatives and calcimimetics emphasizing their
differential effects not only on biochemical parameters but also on tolerance, CVC,
and/or hard-outcomes. Related issues such as the very frequent adynamic bone disease
(ABD), usually neglected in drug -reviews, and the rare calciphylaxis will also be

briefly discussed.

2) VITAMIN D

SHPT is a common consequence of CKD, which not only leads to bone disease
but also plays a role in reducing quality of life and increasing mortality of CKD patients?®-
81, Calcitriol (1,25-(OH)2-VD), as an anti-parathyroid agent, decreases the synthesis of
PTH independently of its known hypercalcemic action by acting through its specific
receptor (the VD receptor)®. The desirable serum PTH target levels and the variability of
PTH assays are matters of intense current debate’**-%8, For instance, Kidney Disease

Improving Global Outcomes (KDIGO) guidelines suggest that in CKD stage 5 and 5D,



serum PTH levels should be maintained at between 2 and 9 times (2X-9X) the upper
normal limits for the used assay’, based on the poor quality as a biomarker of PTH in
relation to underlying renal bone disease’¢. Other national guidelines continue to support
the 2003 National Kidney Foundation (NKF)/Kidney Dialysis Outcomes Quality
Initiative (KDOQI™) recommendation of 150-300 pg/ml (2X-5X)3°4%35 mainly based
on some epidemiological studies describing the lowest mortality rates in this PTH interval
3031 Agreement exists regarding the need for treatment when laboratory values show an
increasing trend over time, even within the aforementioned ranges, and the fact that values
exceeding 9 times the upper normal limit must be avoided because they represent
extremes of risk’3*%°, As a matter of fact, questions remain about the wide PTH range
suggested in the KDIGO guidelines?®%, and there is concern that the acceptance of “very
high” values may negatively impact bone quality, result in the progression of parathyroid
glands to uncontrollable monoclonal-growth tumor-like nodular hyperplasia and decrease
the efficacy of treatment strategies®. In this respect, it is well known that higher than
normal serum PTH levels are required to maintain bone remodelling in CKD due to the
presence of resistance to the action of PTH*, while PTH levels above the 150-300 pg/ml
range are associated with increases in hospitalizations?®? | fractures?®#243 and, as

mentioned before, mortality rates30=3L,

Recent changes in therapeutic approaches and their impact on outcomes among
patients with SHPT on chronic hemodialysis have been described by Tentori et al?®. Using
data from the international Dialysis Outcomes and Practice Patterns Study (DOPPS),
these authors analyzed trends in PTH levels and SHPT therapies over the past 15 years
and studied the associations between PTH and clinical outcomes. A total of 35,655
participants from the DOPPS phases 1-4 (1996-2011) were included, and it was found

that median PTH increased from phase 1 to phase 4 in all regions except Japan, where it



remained stable. Importantly, compared with the 150-300 pg/ml range, in adjusted models
all-cause mortality risk was higher for PTH=301-450 pg/ml (hazard ratio, 1.09; 95% ClI,
1.01-1.18) and >600 pg/ml (hazard ratio, 1.23; 95% Cl, 1.12-1.34). PTH >600 pg/ml was
also associated with a higher risk of cardiovascular mortality and all-cause and
cardiovascular hospitalizations. Prescriptions of intravenous VDRA (and cinacalcet)
increased and PTX rates decreased in all regions over time. In a subgroup analysis of
5,387 patients not receiving anti-parathyroid agents and without prior PTX, very low
serum PTH levels (<50 pg/ml) were associated with increased mortality risk (hazard ratio,

1.25; 95% confidence interval, 1.04-1.51).

On the other hand, there are also serious concerns about normalizing serum PTH
levels in CKD stages 3-5 since moderate elevations of PTH may serve as a beneficial
adaptive response (with improvements in phosphaturia or bone turnover)®. All these
results underline the urgent need for additional research into PTH targets, both in dialysis
and non-dialysis patients, as well as the concomitant use of other risk factors and
biomarkers in order to better define appropriately individualized clinical practice. Thus,
it seems clear that old protocols using just serum PTH levels for correlation with bone
turnover and/or survival are inadequate in terms of sensitivity and specificity. Other
factors such as Ca, P, CVC should also be taken into account; nevertheless, in patients
with CKD and elevated or rising PTH, it is still suggested that VD derivatives,
calcimimetics or a combination thereof may be used to lower PTH (evidence 2B)’.
Monitoring of alkaline phosphatase activity (especially bone-specific) in combination

with PTH may also be helpful to increase specificity**°.
2.1) NATIVE VITAMIN D

It is well known that VD deficiency is common both in the general population

and in patients with CKD*®4_ It is usually due, among other factors, to inadequate



exposure to sunlight and/or a VD deficient diet. The importance of its diagnosis has
been increasingly recognized because of the reported association between circulating
calcidiol levels [25-(OH)-VD, the storage form of VD] and survival in both the general
population and dialysis patients*®4°. In fact, many beneficial pleiotropic effects beyond
bone have been attributed to VD and VD receptor activation, including with regard to
CKD-MBD laboratory markers, inflammation and even risk of falls (if high doses are
avoided)®®>1, However, to date no definitive proof is available regarding a benefit for
hard-outcomes, although the use of cholecalciferol (\VDs), or ergocalciferol (VDy) (real
forms of “native” VD) and 25-(OH)-VD supplementation have been shown to be able to
correct calcidiol levels in CKD patients, including those receiving dialysis®>°3. Thus,
calcidiol measurement (and supplementation in deficient states) is recommended for
CKD patients in most guidelines®’3%4C, In a retrospective study, treatment with active
forms of VD significantly abolished the relationship between survival and calcidiol
levels*®, and thereby the significance of calcidiol levels in patients treated with active
forms of VD remains unclear. The dual combination of cholecalciferol and active VD
(e.g. paricalcitol) has also been safely tested in hemodialysis patients®*. Finally,
traditional measures of VD status may need to be revisited to account for levels of VD-

binding protein and albumin (“bioavailable VD), since both can bind circulating VD®®.

2.2) CALCITRIOL AND SELECTIVE VDRA

In CKD, the synthesis of calcitriol by 1-a-hydroxylase is limited by the dual
inhibitory and catabolic effect of elevated FGF23 levels and the progressive reduction in
renal mass, contributing to the development and progression of SHPT. Calcitriol is also
needed to improve the cellular uptake of calcidiol®®. Consequently, 1-a-hydroxylated

alfacalcidol and doxercalciferol (1-a-VD3 and 1-a-VD> pro-hormones, respectively) and
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the physiologically active calcitriol represent classical elements of the strategy to
prevent and control uremic SHPT. Survival benefits have been consistently associated
with the use of different active VD compounds in retrospective studies in CKD,
including dialysis patients and even patients with low PTH levels®=%, highlighting the
importance of VDR activation in CKD. Nevertheless, there is still the possibility that
unrecognized confounding variables may account for the observed benefits, and the lack
of prospective trials diminishes the strength of these results. On the other hand, high
doses of VDRA may cause increased serum Ca and P levels, especially in patients with
ABD, and increased CVC has commonly been demonstrated in experimental animals
with CKD fed high P diets?>¢162, Selective VDRA (e.g., paricalcitol or maxacalcitol)
seem to have more selective effects on the parathyroid glands as compared with bone
and the gastrointestinal (G1) tract (decreasing the risk of high serum Ca, Ca x P, and/or
P levels)®-%, as well as reduced experimental procalcifying effects on vessels?%6162,
thereby theoretically providing a wider therapeutic window as compared with
calcitriol®3. Clinical improvement of endothelial function has also been shown in a small
randomized controlled trial (RCT) in which patients with stage 3-4 CKD were treated
with paricalcitol (vs placebo)®. Nevertheless, it has to be recognized that despite the
robustness of the data regarding the beneficial clinical effects of VD, including
experimental restoration of klotho, clinical improvement of residual proteinuria in RCTs
and meta-analyses, and improved survival in retrospective studies and meta-analyses®’~
0 hard-outcome benefits have not been proven and no positive effects on left
ventricular hypertrophy have been demonstrated in RCTs (secondary or post-hoc
analyses only)’*="3. Moreover, distinctions among specific vitamin D compounds

remain a matter of great controversy?%68.7475,



2.3) NEW VDRA

Several VDRA for the treatment of SHPT are in the early stages of development
(i.e. CTAP101, CTAP201, 2MD, CTA018/MT2832, CTA091)%7®, CTAP101, a
modified-release capsule formulation of calcifediol, has been designed to raise serum
25-(OH)-VD in a gradual manner to physiological levels, avoiding excessive induction
of CYP24; it has now reached Phase I11 development in CKD patients with vitamin D
insufficiency’’. Results from a Phase | trial of intravenous CTAP201 in hemodialysis
patients revealed decreased PTH levels similar to those obtained with doxercalciferol
but with lower serum Ca and P levels®,

Although developed for osteoporosis treatment, 2MD demonstrated reduction of
PTH levels without concomitant increases in serum Ca and P in both preclinical and
postmenopausal women’®. Lunacalcipol (CTA018/MT2832) is the first compound in a
new class of vitamin D hormone analogs having a novel dual mechanism of action.
(http://www.prnewswire.com/news-releases/cytochroma-regains-rights-to-lunacalcipol-
156261375.html). Similarly to other compounds such as CTA091, it is a potent CYP24
inhibitor (increasing the half-life of active VD by decreasing its clearance)’®.
Lunacalcipol differs from CTAQ091 in that it also has the ability to activate VDR-
mediated transcription and suppresses PTH synthesis at doses which do not affect

experimental Ca and P levels’®. However, changes in US market dynamics relating to

dialysis treatment seem to delay its clinical development.

3) CALCIMIMETICS.

3.1) CINACALCET
As mentioned before, most traditional therapies for SHPT have entailed

correction of reduced Ca intake and absorption in CKD patients, correction of



hypocalcemia and excessive production of PTH by administration of Ca salts,
supraphysiological Ca levels in the dialysate, use of VDRA, and prevention of
hyperphosphatemia by means of Ca-based P-binders':®. However, these therapies have
been limited by the occurrence of hyperphosphatemia (VDRA) and hypercalcemia, a
lack of specificity, restricted long-term efficacy, and potential vascular toxicity*?48!
On the other hand, surgical PTX is not exempt from risks?’. The identification and
cloning of CaSR in the 1990’s prompted the development of calcimimetics and
calcilytic agents®2. Cinacalcet, the first clinically available activator of the CaSR
(calcimimetic), represents a completely new mechanism of action and extends the
armamentarium against SHPT in dialysis patients and primary hyperparathyroidism?*83
(Table 1).

It has been shown that cinacalcet, when tolerated, is very effective in reducing
abnormal circulating levels of PTH, Ca, P, CaxP product and, importantly,
FGF23%4818 Eyrthermore, two important prospective RCTs evaluated both the efficacy
of cinacalcet in preventing the progression of CVC (ADVANCE)? and its effect on all-
cause mortality and cardiovascular events (EVOLVE)?%. First, the ADVANCE trial
suggested that cinacalcet plus low doses of VD may attenuate the progression of
coronary, aortic, and valvular calcification compared with flexible VD therapy?!.
Although significant changes in the volume of coronary artery calcifications were
described, results with respect to the predefined primary end-point of the study (surface)
did not strictly reach statistical significance (p=0.07). Two recent post-hoc analyses
suggested that cardiac valve calcification was a predictor of coronary artery
calcification progression and, potentially, of greater cardiovascular vulnerability® and
demonstrated that treatment with cinacalcet had statistically significant beneficial

effects among participants who adhered to the prespecified protocol®. Second, the

10



EVOLVE RCT did not reach its primary composite end-point (all-cause mortality and
cardiovascular events) after an unadjusted intention to-treat (ITT)-based analysis?.
These results were supported by a recent meta-analysis, mainly driven by this negative
EVOLVE primary result, which included other heterogeneous studies with different
designs®’. However, we do believe that it is important to emphasize that prespecified
secondary ITT adjusted analysis revealed a nominally significant improvement in
survival in the cinacalcet group? 22, Thus, the effect of cinacalcet was significantly
more pronounced among patients aged >65 years in secondary and post-hoc
analyses®28, Lag-censoring and other prespecified companion analyses also suggested a
nominally significant beneficial effect of cinacalcet on the primary composite end-
point?2, and accepting the limitations of non-primary analysis, patients randomized to
cinacalcet experienced fewer non-atherosclerotic cardiovascular events (including
sudden death and heart failure), a decreased incidence of PTX, fewer episodes of
calciphylaxis, and a reduction in clinically-reported fractures??238°, The excessive rate
of drop-ins and drop-outs and the loss of statistical power, among other factors,
probably seriously hindered the interpretation of the primary end-point and rendered the
EVOLVE study inconclusive®*. Consequently, cinacalcet may not be warranted in all
dialysis patients and it cannot be recommended in order to improve their survival®;
however, it unquestionably improves the achievement of target levels for all metabolic
abnormalities associated with CKD-MBD and mortality®%2. A summary of negative
and positive aspects of the EVOLVE study is presented in Table 2.

It has been recently reviewed the practical use of calcimimetics in dialysis
patients assessing and advising how to circumvent the most frequent adverse events
such as nausea and vomiting (Table 3), hypocalcemia, PTH oversuppression and QT-

prolongation, among others, with the goal of potentially improving clinical practice and
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patient adherence®*. Beyond the influence of cost in prescription rates®, persistence of
treatment among patients remains low despite all the beneficial effects associated with

cinacalcet®39294,

3.2) ETELCALCETIDE (AMGA416)

Etelcalcetide (AMGA416 or, as previously confusingly named, velcalcetide) is
currently in development and undergoing regulatory review. It represents a novel, third
generation intravenous (i.v.) long-acting selective peptide agonist of the CaSR%%,
Etelcalcetide allows i.v. administration in the dialysis setting and may improve drug
monitoring and adherence. A multicenter, double-blind, placebo-controlled, dose-
escalation study designed to evaluate the safety and efficacy of etelcalcetide
administered thrice weekly by i.v. bolus at the end of hemodialysis for up to 4 weeks for
the treatment of SHPT in hemodialysis patients has recently been published®’. It was
observed that a substantial proportion of subjects treated with etelcalcetide achieved
PTH <300 pg/mL and a >30% reduction in PTH from baseline, supporting the
continued development of etelcalcetide. The observed decreases in serum-corrected Ca
were well tolerated and serum P levels also tended to decrease. Etelcalcetide
pharmacokinetics have also been recently published®.

The results of a second placebo-controlled Phase 111 study in dialysis patients
evaluating the effect of etelcalcetide on the treatment of SHPT were recently
announced®%, The study’s primary endpoint was the proportion of patients with a >
30% reduction from baseline in PTH levels during an efficacy assessment phase defined
as weeks 20-27 of the study. In the etelcalcetide group, 74% of patients achieved the
primary endpoint, compared with 8.3% of patients in the placebo group. Secondary

endpoints included the percentage change in serum P (-7.7% and -1.3% in the
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etelcalcetide and placebo arms, respectively) and corrected Ca concentrations (-7.3%
and 1.2%, respectively). Both of these secondary endpoint results were statistically
significant. Treatment-emergent adverse events were reported in 92% of patients who
received etelcalcetide and 79% of patients receiving placebo. The most frequently
reported adverse event was asymptomatic reduction in Ca; symptomatic hypocalcemia
was reported in 7.2% of patients who received etelcalcetide compared with 0.4% in the
placebo group 1%°. The proportions of patients reporting muscle spasms, diarrhea,
nausea, and vomiting were higher in the etelcalcetide group than in the placebo group
99,100.

Another Phase Ill, head-to-head, double-dummy, placebo-controlled study of
etelcalcetide and cinacalcet has also been conducted to compare their efficacy and
tolerability. It has been announced that treatment with i.v. etelcalcetide achieved >50%
and >30% reductions in PTH in more patients compared with cinacalcet, while,
somewhat surprisingly, nausea and vomiting did not seem to differ’®t, Thus, it is
currently unclear whether etelcalcetide will have fewer adverse Gl effects compared
with oral cinacalcet. The i.v. route may also offer a potential reduction in the risk of
drug-drug interactions®. A numerical imbalance in cardiac failure was observed in this
study, for which a causal relationship to etelcacetide could not be established*°?.
Hypocalcemia was seen more frequently with etelcalcetide and the safety profiles
appeared to be comparable although more prolonged clinical experience is definitely

required®®?.

3.3) NEW CALCIMIMETICS
Two other oral CaSR modulators are in Phase Il development (KHK-7580 and

ASP7991)!, ASP7991 has been shown to significantly decrease PTH levels in a rat
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model of SHPT and may have less potential for CYP-enzyme-mediated drug-drug
interactions than cinacalcet!?. Another calcimimetic compound, LEO 27847, has been
evaluated in a Phase | study for the treatment of SHPT, but no additional information

regarding its development is available'°.

4) ADYNAMIC BONE DISEASE

Adynamic bone disease (ABD) is a well-recognized clinical entity in the CKD-
MBD complex%21% Although the gold-standard diagnostic method is bone biopsy, the
presence of low circulating PTH and low bone-specific alkaline phosphatase levels may
be suggestive of ABD*%. In the most recent bone histomorphormetry study before and
after long-term treatment with an antiparathyroid agent (cinacalcet), no ABD was
observed among patients with PTH > 300 pg/ml, Ca > 8.4 mg/dl and bone-specific
alkaline phosphatase > 20.9 ng/ml, although 22 out of 146 patients had normal bone

histology*®.

ABD is increasing in prevalence relative to other forms of renal osteodystrophy
and is becoming the most frequent type of bone lesion in some series”% It is potentially
linked to fracture risk and progression of CVC. Among many other factors (recently
reviewed in reference 103), drug-induced oversuppression of PTH may contribute to this
low-turnover bone state*>. Thus, prevention of sustained PTH levels <2 times the upper
limit of normality, especially in the steadily growing proportions of diabetic, white, and
elderly patients, is of the outmost importance (Table 4). In the recent COSMOS study, in
patients with baseline PTH levels below 168 pg/ml (mean 89 pg/ml), increases in PTH
were associated with a lower risk of mortality®*. Recombinant PTH has been used in case-
reports'®. The potential use of Natpara®, released to control hypocalcemia in patients

with hypoparathyroidism, or antisclerostin monoclonal antibodies remains to be tested®®
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5) CALCIPHYLAXIS

Calciphylaxis, or calcific uremic arteriolopathy, is a rare condition and continues
to represent a clinical challenge®1%. In addition to existing pharmacological
treatments, and that cinacalcet appears to reduce the incidence of calciphylaxis in
hemodialysis patients!®’, sodium thiosulfate has recently been introduced in the
armamentarium against calciphylaxis. It may also attenuate the rate of progression of
CVC but at the expense of reduced bone mineral density at the hip®. Vitamin K
deficiency is common in ESRD, and vitamin K antagonists (e.g. warfarin) may promote
calciphylaxis as well as CVC!®. Thus, several prospective RCTs are currently
evaluating the effect of vitamin K supplementation on the progression of C\VC!1°,
Beyond osteoporosis treatment, different bisphosphonates have also been used off-label
in the treatment of calciphylaxis; however, since their potentially positive effects on
CVC cannot be separated from an adequate bone formation, administration of these
drugs to patients with CKD stage 4/5 may be unsafe’. A novel approach with an i.v.
formulation (SNF472) of myo-inositol-hexaphosphate (phytate), a selective
calcification inhibitor, is being developed as an orphan drug, and Phase |1 studies are
being developed to analyze its influence on the progression of CVC in dialysis patients
111.

6) CONCLUSION

Improvements in the management of CKD-MBD require an integral approach
that addresses all 3 components of the CKD-MBD triad. Individualization of P-binders
and reasonable combinations of anti-parathyroid agents may provide the best

biochemical control with the lowest incidence of undesirable effects. Despite the
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absence of level 1A evidences from RCTs on whether any treatment or a combination of
treatments should be preferred in order to control CKD-MBD8:% and the lack of
consensus among nephrologists on the best diagnostic parameters or treatment
laboratory goals, there is general agreement that CKD-MBD and SHPT are common
and costly manifestations of CKD. Clear associations with negative quality of life,
CVC, cardiovascular complications, and worse patient outcomes have been repeatedly

reported.

We have already mentioned that avoidance of an excessive P load is currently
considered one of the key issues in the management of CKD-MBD*. We also previously
reported that best treatment remains to be defined, especially considering the low
efficiency, poor patient adherence, potential toxicity and cost of P-binders. Retail
prices are currently decreasing due to the advent of generic drugs after expiry of patent

protection, and this may change some subjective perceptions.

In this second part of the article we have reviewed specific anti-parathyroid
treatment, including several VDRA (some of which are described as selective VDRA),
calcimimetics, and combinations thereof. Guidelines suggest that VDRA treatment may
be used in patients with stage 3-5 CKD who are not on dialysis and in whom PTH is
progressively rising and remains persistently above the upper limit of normal for the
assay despite correction of modifiable factors. On the other hand, VDRA and/or
calcimimetics are suggested in patients with CKD stage 5D and elevated or rising PTH,
bearing in mind that it is reasonable for the initial drug selection to be based on Ca and

P levels as well as on other aspects of CKD-MBD such as cardiovascular calcification.

Determination of CVC fits into the paradigm of personalized medicine!*?, and
we believe that an assessment for CVC is therefore warranted at least in some patients,

including any in whom the carying physician decides that knowledge of the presence of
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CVC may impact therapeutic decisions (i.e., Ca- vs non-Ca based P-binders; calcitriol
or alfacalcidol vs paricalcitol or maxacalcitol; VDRA vs calcimimetics)®12113,
Actually, in the recent commentary from a KDIGO controversies conference®, it was
stated that “the group was unanimous in their assessment of the clinical significance of
cardiovascular calcification and the conclusion that cardiovascular calcification should

be considered for guidance of CKD-MBD management”.

Although the link between intervention and outcomes when progression of CVC
is attenuated has not been conclusively demonstrated, cheap and readily accessible plain
X-rays and/or echocardiography may help to define the initial best and safest
treatments, at least until we are able to use other therapeutic means at earlier stages of

the accelerated atheromatosis process!*2114,

7) EXPERT OPINION

PTH is a poor biomarker in relation to underlying bone disease, at least partially
due to the presence of multifactorial resistance to the renal and skeletal actions of PTH
in uremia and the variability of PTH assays. For the moment and until deciphering the
way to circumvent these problems, it is clear that serum PTH levels should be
maintained higher than normal in dialysis patients. Thus, KDIGO guidelines suggest
that “serum PTH levels should be maintained at between 2X-9X the upper normal limits
for the used assay” in patients with CKD stage 5D; nevertheless, we follow the Spanish
adaptation of the KDIGO guidelines which initially aim at 2-5 times the upper limit of
normality to free up space and safely avoid KDIGO extremes of risk (<2 or >9 times the
upper normal limit) 23940 This narrower PTH interval has been chosen from some
important epidemiological studies describing that the lowest mortality rates in dialysis
patients are found in this PTH range?=°3!, Nephrologists should not react to any minor

PTH variation by instituting “urgent” changes in treatment. On the other hand, there are
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also serious concerns about normalizing serum PTH levels in CKD stages 3-5 since
moderate elevations of PTH may serve as a beneficial adaptive response (with

improvements in phosphaturia or bone turnover)®®.

VD receptor is ubiquitous and can be directly or indirectly activated by different
forms of native and active VD . We usually supplement with native vitamin D as
suggested in different guidelines, using treatment goals and strategies recommended for
the general population. Many beneficial pleiotropic global class effects have been
described for active forms of VD, including survival benefits in observational studies
and meta-analyses. Selective VDR activation, identified by its low calcemic, low
phosphatemic profile, may yield specific differential beneficial effects at the tissue and
molecular levels (e.g. slower CVC progression), but this has only been shown under
experimental conditions, and no RCT has ever been performed. We believe that
although it has not been proven that VDRA improve hard-outcomes, it would be
insensitive to completely dismiss the accumulated robust data. In this regard,
paricalcitol shares, and sometimes has been shown to selectively improves, pleiotropic
VD-related systemic effects®®’®. Questions about costs in relation to benefits may be
raised, but it is to be borne in mind that expiry of patent protection will decrease retail

prices.

Practical issues regarding the use of VDRA have recently been reported!>!16,
Briefly, we use paricalcitol as the first-line VDRA due to its wider therapeutic window
as compared with calcitriol, especially in patients with CVC, diabetics, and patients
treated with coumadin derivatives. In adults, in order to avoid unacceptably and
unnecessarily rapid PTH suppression, we calculate the initial dose based on baseline
serum intact PTH (iPTH) levels (ug of paricalcitol iv /dialysis session = baseline iPTH

in pg/mL / 100-120) instead of the common iPTH/80 reported in the summary of
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product characteristics. Conversion of intravenous paricalcitol from calcitriol is
smoother using a 1:3 calcitriol to paricalcitol conversion ratio'!’. In patients not
undergoing dialysis, we usually convert oral calcitriol to paricalcitol on a 1:4 basis
according to the most commonly marketed dose (0.25 pg of calcitriol/1 pg of
paricalcitol). Further dose adjustment is necessary according to PTH response and
during the concomitant use of calcimimetics (in dialysis patients). We generally prefer
non-Ca-based P-binders, especially when using VDRA; while VDRA and/or
paricalcitol may be administered with Ca-based P-binders, there is an increased risk of
hypercalcemia and, potentially, progression of CVC?2%8L, If not a first choice, cinacalcet
may be used as a rescue drug in the event of hypercalcemialte.

On the other hand, the use of cinacalcet is fully justified at least as a component
of a multitargeted intervention in dialysis patients with SHPT, including P-binders and
VD. Among patients with hypercalcemia or significant hyperphosphatemia,
calcimimetics are probably the best first-line treatment since hypercalcemia and
hyperphosphatemia occur more often with VDRAs'8119_ Calcimimetics should not be
started if basal serum Ca level is less than 8.4 mg/dl but mild hypocalcemia is clinically
acceptable during the maintenance phase (normality for Ca levels will probably be soon
revisited by KDIGO in patients treated with calcimimetics)®®. In any case, in order to
avoid unnecesary positive Ca balances, Ca should not be pushed up when patients
develop assymptomatic mild hypocalcemia (i.e. 8.0 mg/dl), especially if no significant
changes are observed in the QT-interval. Calcimimetics may also allow a safer
concomitant use of VDRA, benefiting patients as a result of their credited pleiotropic
effects. Crossed positive, bidirectional and additive interactions between calcimimetics
and VDRA have been described in experimental studies'?>!2!, An important difference

between calcimimetics and VDRA is that two important RCTs relating to the former at
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least show a nominally significant benefit over standard therapy with respect to hard-
outcomes in dialysis patients. Emerging i.v. calcimimetics may promote patient
compliance and improve achievement of treatment goals. On the other hand, various
maneuvers, including decreasing or withdrawing Ca-based P-binders, VD derivatives
and/or calcimimetics as well as decreasing the dialysate-bath Ca content will help to
increase PTH levels to safer levels in those patients at risk of ABD.

Finally, many believe that a combination of P-binders and a combination of anti-
parathyroid agents is probably the best current clinical option, as in other areas of
Nephrology such as the treatment of hypertension or albuminuria and the use of
immunosuppressive protocols in transplantation (Table 5). Combinations of different
drugs decrease high doses and associated adverse effects of any individual drug,
counterbalance negative effects and facilitate additive positive effects by acting on
different pathophysiological pathways; they probably also decrease costs or increase the
cost/benefits ratio. The absence of indisputable evidences in Nephrology should not
lead to the acceptance of attitudes of therapeutic nihilism while awaiting results from
difficult confirmatory and definitive studies. Multi-interventional RCT and the
development of reliable risk estratification scores seems distant aspirations; in the
meantime, it would appear prudent at least not to increase the CVVC burden in CKD
patients, in compliance with the Hippocratic principle “first, do not harm”. As a matter
of fact, it is known that the “absence of evidence” does not equate to “evidence of
absence”?2, All these considerations should prompt the design of new prospective
RCTs to better define the potential direct relationship between CVVC and outcomes and
the institution of other better, earlier, and more cost-effective clinical actions in the

field, including new studies with clinically relevant hard-outcomes (rather than
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biochemical or radiological), and head-to-head comparisons that also take patient-

reported outcomes into account???,

21



REFERENCES

XXXX (to avoid identification): Integral pharmacological managment of bone
mineral disorders in chronic kidney diseas: From treatment of phosphate
imbalanbe to contrl of PTH and prevention of cardiovascular calcification. Expert
Op Pharmacother (submitted) 2016

Lindner A, Charra B, Sherrard DJ, et al.: Accelerated atherosclerosis in
prolonged maintenance hemodialysis. N. Engl. J. Med. 1974; 290: 697-701

Kooman JP, Kotanko P, Schols AM, et al: Chronic kidney disease and premature
ageing. Nat. Rev. Nephrol. 2014;10: 732-742

KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of
Chronic Kidney Disease. Kidney Int. Suppl.2013; 3: 4-4

Martinez-Castelao A, Gorriz JL, Segura-de la Morena J, et al.. Consensus
document for the detection and management of chronic kidney disease.
Nefrologia 2014; 34: 243-262

Moe S, Drueke T, Cunningham J, et al.: Definition, evaluation, and classification
of renal osteodystrophy: a position statement from Kidney Disease: Improving
Global Outcomes (KDIGO). Kidney Int 2006; 69: 1945-1953

KDIGO clinical practice guideline for the diagnosis, evaluation, prevention,
and treatment of Chronic Kidney Disease-Mineral and Bone Disorder (CKD-
MBD). Kidney Int. Suppl 2009; S1-130

**Most recent and throrough evidence-based review and clinical practice guideline on

10.

11.

12.

CKD-MBD

Vervloet MG, Massy ZA, Brandenburg VM, et al.: Bone: a new endocrine organ
at the heart of chronic kidney disease and mineral and bone disorders. Lancet.
Diabetes Endocrinol 2014; 2: 427-436

Cozzolino M, Urena-Torres P, Vervloet MG, et al.: Is chronic kidney disease-
mineral bone disorder (CKD-MBD) really a syndrome? Nephrol. Dial.
Transplant 2014; 29: 1815-1820

Cozzolino M, Tomlinson J, Walsh L, et al.: Emerging drugs for secondary
hyperparathyroidism. Expert Opin Emerg Drugs 2015; 20: 197-208

Rodriguez M, Rodriguez-Ortiz ME: Advances in pharmacotherapy for secondary
hyperparathyroidism. Expert Opin. Pharmacother 2015; 16: 1703-1716

Isakova T, Wahl P, Vargas GS, et al.: Fibroblast growth factor 23 is elevated

before parathyroid hormone and phosphate in chronic kidney disease. Kidney Int
2011; 79: 1370-1378

22



13.

14.

15.

16.

17.

18.

19.

20.

Cernaro V, Santoro D, Lucisano S, et al.: The future of phosphate binders: a
perspective on novel therapeutics. Expert Opin. Investig. Drugs 2014; 23: 1459—
1463

Gorriz JL, Molina P, Cerveron MJ, et al: Vascular calcification in patients with
nondialysis CKD over 3 years. Clin. J. Am. Soc 2015; Nephrol. 10: 654-666

Di lorio B, Bellasi A, Russo D: Mortality in kidney disease patients treated with
phosphate binders: a randomized study. Clin. J. Am. Soc. Nephrol 2012; 7: 487-
493

Chertow GM, Burke SK, Raggi P: Sevelamer attenuates the progression of
coronary and aortic calcification in hemodialysis patients. Kidney Int 2002; 62:
245-252

Suki WN, Zabaneh R, Cangiano JL, et al.: Effects of sevelamer and calcium-
based phosphate binders on mortality in hemodialysis patients. Kidney Int 2007,
72:1130-1137

Jamal SA, Vandermeer B, Raggi P, et al.: Effect of calcium-based versus non-
calcium-based phosphate binders on mortality in patients with chronic kidney
disease: an updated systematic review and meta-analysis. Lancet 2013; 382:
1268-1277

Andress DL, Norris KC, Coburn JW, et al.: Intravenous calcitriol in the treatment
of refractory osteitis fibrosa of chronic renal failure. N. Engl. J. Med 1989; 321.:
274-279

Lopez I, Mendoza FJ, Aguilera-Tejero E, et al.: The effect of calcitriol,
paricalcitol, and a calcimimetic on extraosseous calcifications in uremic rats.
Kidney Int 2008;73: 300-7

**Experimental study demonstrating differential effects of antiparathyroid agents on

21.

vascular calcification and survival

Raggi P, Chertow GM, Torres PU, et al.: The ADVANCE study: a randomized
study to evaluate the effects of cinacalcet plus low-dose vitamin D on vascular
calcification in patients on hemodialysis. Nephrol. Dial. Transplant 2011; 26:
1327-1339

**Eirst prospective randomized clinical trial analyzing the effect of cinacalcet on the

22.

progression of cardiovascular calcification in dialysis patients

Chertow GM, Block GA, Correa-Rotter R, et al.: Effect of cinacalcet on
cardiovascular disease in patients undergoing dialysis. N. Engl. J. Med 2012;
367: 2482-2494

** Most important and extensive randomized clinical trial in CKD-MBD comparing the

effect of cinacalcet vs standard treatment on hard-outcomes

23



23. Wheeler DC, London GM, Parfrey PS, et al.: Effects of cinacalcet on
atherosclerotic and nonatherosclerotic cardiovascular events in patients receiving
hemodialysis: the EValuation Of Cinacalcet HCI Therapy to Lower
CardioVascular Events (EVOLVE) trial. J. Am. Heart Assoc 2014; 3: e001363

24.  Bover J, Urena P, Ruiz-Garcia C, et al.: Clinical and Practical Use of
Calcimimetics in Dialysis Patients With Secondary Hyperparathyroidism. Clin. J.
Am. Soc. Nephrol 2016; 11: 161-174

25.  Akaberi S, Clyne N, Sterner G, et al.: Temporal trends and risk factors for
parathyroidectomy in the Swedish dialysis and transplant population - a
nationwide, population-based study 1991 - 2009. BMC Nephrol 2014; 15: 75

26.  Tentori F, Wang M, Bieber BA, et al.: Recent Changes in Therapeutic
Approaches and Association with Outcomes among Patients with Secondary
Hyperparathyroidism on Chronic Hemodialysis: The DOPPS Study. Clin. J. Am.
Soc. Nephro 2015; 10: 98-109

*Interesting recent analysis about changes in therapeutic approaches and their
association with outcomes from the DOPPS study

27. Ishani A, Liu J, Wetmore JB, et al.: Clinical outcomes after parathyroidectomy in
a nationwide cohort of patients on hemodialysis. Clin. J. Am. Soc. Nephrol 2015;
10: 90-97

28.  Malindretos P, Sarafidis P, Lazaridis A, et al: A study of the association of higher
parathormone levels with health-related quality of life in hemodialysis patients.
Clin. Nephrol 2012; 77: 196-203

29. Block GA, Klassen PS, Lazarus JM, et al: Mineral metabolism, mortality, and
morbidity in maintenance hemodialysis. J. Am. Soc. Nephrol 2004; 15: 2208-
2218

*This paper describes important associations of biochemical parameters with hard-
outcomes in dialysis patients

30.  Floege J, Kim J, Ireland E, et al.: Serum iPTH, calcium and phosphate, and the
risk of mortality in a European haemodialysis population. Nephrol. Dial 2011;
Transplant 26: 1948-1955

** Analysis of an extensive European dialysis population showing that patients with
intact PTH, calcium and phosphate levels within the KDOQI target ranges have
the lowest risk of mortality compared with those outside those target ranges

31. Naves-Diaz M, Passlick-Deetjen J, Guinsburg A, et al.: Calcium, phosphorus,
PTH and death rates in a large sample of dialysis patients from Latin America.
The CORES Study. Nephrol. Dial. Transplant 2011; 26: 1938-1947

*Analysis of the association of biochemical parameters (including PTH) with hard-
outcomes in an extensive dialysis population

24



32.

33.

34.

Bover J, Ruiz C.E, Pilz S, et al.: Vitamin D receptor and interaction with DNA:
from physiology to chronic kidney disease. In "Vitamin D in Chronic Kidney
Disease". Springer (in press) 2016

Souberbielle J-C, Boutten A, Carlier M-C, et al.: Inter-method variability in PTH
measurement: implication for the care of CKD patients. Kidney Int 2006;70:
345-350

Fernandez-Martin JL, Martinez-Camblor P, Dionisi MP, et al.: Improvement of
mineral and bone metabolism markers is associated with better survival in
haemodialysis patients: the COSMOS study. Nephrol. Dial. Transplant 2015; 30:
1542-1551

**Multicentre European observational study assessing not only the association of CKD-

35.

36.

MBD parameters but also their changes with mortality

K/DOQI clinical practice guidelines for bone metabolism and disease in chronic
kidney disease. Am. J. Kidney Dis. 2003;42: S1-201

Ketteler M, Elder GJ, Evenepoel P, et al: Revisiting KDIGO clinical practice
guideline on chronic kidney disease-mineral and bone disorder: a commentary
from a Kidney Disease: Improving Global Outcomes controversies conference.
Kidney Int. 2015; 87: 502-528

* Preliminary approach to the upcoming new KDIGO guidelines on CKD-MBD

37.

38.

39.

Goldsmith DJA:The case for routine parathyroid hormone monitoring. Clin. J.
Am. Soc. Nephrol. 2013; 8: 319-320

Sprague SM, Moe SM: Rebuttal: PTH--a particularly tricky hormone: why
measure it at all in kidney patients? Clin. J. Am. Soc. Nephrol. 2013; 8: 321

Torregrosa J-V, Bover J, Cannata Andia J, et al: Spanish Society of Nephrology
recommendations for controlling mineral and bone disorder in chronic kidney
disease patients (S.E.N.-M.B.D.). Nefrologia 31 Suppl 2011; 1: 3-32

*National Spanish adaptation of the CKD-MBD 2009 KDIGO guidelines

40.

41.

Prados-Garrido MD, Bover J, Gonzélez-Alvarez MT, et al.: 2010 - Guia de
practica clinica de la Sociedad Espafiola de Dialisis y Trasplante de las
alteraciones del metabolismo mineral y 6seo de la enfermedad renal crénica
(CKD-MBD). Dial. y Traspl. 2011; 32: 108-118

Bover J, Rodriguez M, Trinidad P, Jet al.: Factors in the development of

secondary hyperparathyroidism during graded renal failure in the rat. Kidney
Int.1994; 45: 953-61

25



42.

43.

44,

Jadoul M, Albert JM, Akiba T, et al.: Incidence and risk factors for hip or other
bone fractures among hemodialysis patients in the Dialysis Outcomes and
Practice Patterns Study. Kidney Int. 2006;70: 1358-66

Danese MD, Kim J, Doan Q V, et al.: PTH and the risks for hip, vertebral, and
pelvic fractures among patients on dialysis. Am. J. Kidney Dis. 2006; 47: 149-56

Urefia P, Hruby M, Ferreira A, et al: Plasma total versus bone alkaline
phosphatase as markers of bone turnover in hemodialysis patients. J. Am. Soc.
Nephrol. 1996; 7: 506-12

* Description of serum intact PTH and bone alkaline phosphatase as complementary in

45.

46.

47.

48.

49.

50.

5l.

52.

53.

the diagnosis of the type of renal osteodystrophy

Behets GJ, Spasovski G, Sterling LR, et al: Bone histomorphometry before and
after long-term treatment with cinacalcet in dialysis patients with secondary
hyperparathyroidism. Kidney Int. 2015; 87: 846-856

Craver L, Marco MP, Martinez |,et al: Mineral metabolism parameters
throughout chronic kidney disease stages 1-5--achievement of K/DOQI target
ranges. Nephrol. Dial. Transplant. 2007; 22: 1171-1176

Levin A, Bakris GL, Molitch M, et al: Prevalence of abnormal serum vitamin D,
PTH, calcium, and phosphorus in patients with chronic kidney disease: results of
the study to evaluate early kidney disease. Kidney Int. 2007; 71: 31-8

Wolf M, Shah A, Gutierrez O, et al.: Vitamin D levels and early mortality among
incident hemodialysis patients. Kidney Int. 2007; 72: 1004-13

Melamed ML, Michos ED, Post W, Astor B: 25-hydroxyvitamin D levels and the
risk of mortality in the general population. Arch. Intern. Med. 2008;168: 1629-37

Matias PJ, Jorge C, Ferreira C, et al.: Cholecalciferol supplementation in
hemodialysis patients: effects on mineral metabolism, inflammation, and cardiac
dimension parameters. Clin. J. Am. Soc. Nephrol. 2010; 5: 905-11

Bischoff-Ferrari HA, Dawson-Hughes B, Orav EJ, et al: Monthly High-Dose
Vitamin D Treatment for the Prevention of Functional Decline: A Randomized
Clinical Trial. JAMA Intern. Med. 2016; 176: 1-10

Alvarez JA, Law J, Coakley KE, et al.: High-dose cholecalciferol reduces
parathyroid hormone in patients with early chronic kidney disease: a pilot,
randomized, double-blind, placebo-controlled trial. Am. J. Clin. Nutr. 2012; 96:
672-9

Tokmak F, Quack I, Schieren G, et al.: High-dose cholecalciferol to correct

vitamin D deficiency in haemodialysis patients. Nephrol. Dial. Transplant 2008;
23:4016-20

26



54.

55.

56.

S7.

Dusilovéa-Sulkova S, Safranek R, Vavrova J, et al: Low-dose cholecalciferol
supplementation and dual vitamin D therapy in haemodialysis patients. Int. Urol.
Nephrol. 2015; 47: 169-76

Bhan I, Tamez H, Thadhani R: Impact of new vitamin D data on future studies
and treatment. Curr. Opin. Nephrol. Hypertens. 2013; 22: 377-82

Gallieni M, Kamimura S, Ahmed A, et al: Kinetics of monocyte 1 alpha-
hydroxylase in renal failure. Am. J. Physiol. 1995; 268: F746-5

Marco MP, Martinez |, Betriu A, et al.: Influence of Bsml vitamin D receptor
gene polymorphism on the response to a single bolus of calcitrol in hemodialysis
patients. Clin. Nephrol. 2001; 56: 111-116

*First and hidden description of an association between the use of calcitriol and

58.

improved survival in a dialysis population

Teng M, Wolf M, Ofsthun MN, et al.: Activated injectable vitamin D and
hemodialysis survival: a historical cohort study. J. Am. Soc. Nephrol. 2005; 16:
1115-25

*Important description of an association between the use of intravenous vitamin D and

59.

60.

61.

62.

63.

improved survival in a dialysis population

Naves-Diaz M, Alvarez-Hernandez D, Passlick-Deetjen J, et al.: Oral active
vitamin D is associated with improved survival in hemodialysis patients. Kidney
Int. 2008; 74: 1070-1078

Cozzolino M, Brancaccio D, Cannella G, et al.: VDRA therapy is associated with
improved survival in dialysis patients with serum intact PTH < 150 pg/mL:
results of the Italian FARO Survey. Nephrol. Dial. Transplant 2012; 27: 3588-94

Cardus A, Panizo S, Parisi E, et al.: Differential effects of vitamin D analogs on
vascular calcification. J. Bone Miner. Res. 2007; 22: 860-6

Mizobuchi M, Finch JL, Martin DR, Slatopolsky E: Differential effects of
vitamin D receptor activators on vascular calcification in uremic rats. Kidney Int.
2007; 72: 709-15

Sprague SM, Llach F, Amdahl M, et al.: Paricalcitol versus calcitriol in the
treatment of secondary hyperparathyroidism. Kidney Int. 2003; 63: 1483-90

**Randomized clinical trial comparing calcitriol and paricalcitol in dialysis patients on

64.

biochemical parameters
Mittman N, Desiraju B, Meyer KB, et al.: Treatment of secondary

hyperparathyroidism in ESRD: a 2-year, single-center crossover study. Kidney
Int. Suppl. 2010; S33-6

27



65.

66.

67.

68.

Lund RJ, Andress DL, Amdahl M, et al.: Differential effects of paricalcitol and
calcitriol on intestinal calcium absorption in hemodialysis patients. Am. J.
Nephrol.2010; 31: 165-70

Zoccali C, Curatola G, Panuccio V, et al.: Paricalcitol and endothelial function in
chronic kidney disease trial. Hypertension 2014; 64: 1005-11

De Borst MH, Hajhosseiny R, Tamez H, et al.: Active vitamin D treatment for
reduction of residual proteinuria: a systematic review. J. Am. Soc. Nephrol. 2013;
24: 186371

Teng M, Wolf M, Lowrie E, et al.: Survival of patients undergoing hemodialysis
with paricalcitol or calcitriol therapy. N. Engl. J. Med. 2003; 349: 446-56

*Important description of a potential difference in survival with different vitamin D

69.

70.

71.

compounds

Duranton F, Rodriguez-Ortiz ME, Duny Y, et al.: Vitamin D treatment and
mortality in chronic kidney disease: a systematic review and meta-analysis. Am.
J. Nephrol. 2013; 37: 239-248

De Zeeuw D, Agarwal R, Amdahl M, et al.: Selective vitamin D receptor
activation with paricalcitol for reduction of albuminuria in patients with type 2
diabetes (VITAL study): a randomised controlled trial. Lancet (London, England)
2010; 376: 1543-51

Thadhani R, Appelbaum E, Pritchett Y, et al.: Vitamin D therapy and cardiac
structure and function in patients with chronic kidney disease: the PRIMO
randomized controlled trial. JAMA 2012; 307: 674-84

** First but unaffirmative randomized clinical trial analyzing the potential beneficial

72.

73.

74.

75.

76.

effect of vitamin D on left ventricular hypertrophy in CKD patients

Wang AY-M, Fang F, Chan J, et al.: Effect of paricalcitol on left ventricular
mass and function in CKD--the OPERA trial. J. Am. Soc. Nephrol. 2014; 25:
175-86

Tamez H, Zoccali C, Packham D, et al.: Vitamin D reduces left atrial volume in
patients with left ventricular hypertrophy and chronic kidney disease. Am. Heart
J. 2012; 164: 902-9.e2

Hansen D, Rasmussen K, Danielsen H, et al.: No difference between alfacalcidol
and paricalcitol in the treatment of secondary hyperparathyroidism in
hemodialysis patients: a randomized crossover trial. Kidney Int. 2011;80: 841-50

Tentori F, Hunt WC, Stidley CA, et al.: Mortality risk among hemodialysis
patients receiving different vitamin D analogs. Kidney Int. 2006; 70: 1858-65

Posner GH, Helvig C, Cuerrier D, et al.: Vitamin D analogues targeting CYP24
in chronic kidney disease. J. Steroid Biochem. Mol. Biol.2010; 121: 13-9

28



77.

78.

79.

80.

81.

Sprague SM, Silva AL, Al-Saghir F, et al.: Modified-release calcifediol
effectively controls secondary hyperparathyroidism associated with vitamin D
insufficiency in chronic kidney disease. Am. J. Nephrol. 2014; 40: 535-45

Comprison of i.v CTAP201 and doxercalciferol in subjects with chronic kidney
disease and secondary hiperparathyroidism. Available at: http://clinical
trials.gov/ct2/show/NCT00792857. (last visited 03/28/2016)

Zella JB, Plum LA, Plowchalk DR, et al.: Novel, selective vitamin D analog
suppresses parathyroid hormone in uremic animals and postmenopausal women.
Am. J. Nephrol. 2014; 39: 476-83

Llach F, Bover J: Renal osteodystrophies. In: Brenner BM (ed)The Kidney, 6th
ed., pp 2013-2186, 2000

Wetmore JB, Gurevich K, Sprague S, et al.: A Randomized Trial of Cinacalcet
versus Vitamin D Analogs as Monotherapy in Secondary Hyperparathyroidism
(PARADIGM). Clin. J. Am. Soc. Nephrol. 2015; 10:1031-40

*Head-to-head comparison between cinacalcet and vitamin D analogs as monotherapy

82.

83.

84.

85.

86.

87.

88.

on biochemical parameters in dialysis patients

Brown EM, Gamba G, Riccardi D, et al.: Cloning and characterization of an
extracellular Ca(2+)-sensing receptor from bovine parathyroid. Nature 19993;
366: 575-80

Schwarz P, Body JJ, Cap J, et al.: The PRIMARA study: a prospective,
descriptive, observational study to review cinacalcet use in patients with primary
hyperparathyroidism in clinical practice. Eur. J. Endocrinol. 2014; 171: 727-735

Moe SM, Chertow GM, Parfrey PS, et al.: Cinacalcet, Fibroblast Growth Factor-
23, and Cardiovascular Disease in Hemodialysis: The Evaluation of Cinacalcet
HCI Therapy to Lower Cardiovascular Events (EVOLVE) Trial. Circulation
2015; 132: 27-39

Bellasi A, Reiner M, Pétavy F, et al.: Presence of valvular calcification predicts
the response to cinacalcet: data from the ADVANCE study. J. Heart Valve Dis.
2013; 22: 391-9

Urena-Torres PA, Floege J, Hawley CM, et al.: Protocol adherence and the
progression of cardiovascular calcification in the ADVANCE study. Nephrol.
Dial. Transplant 2013; 28: 146-152

Palmer SC, Nistor I, Craig JC, et al.: Cinacalcet in patients with chronic kidney
disease: a cumulative meta-analysis of randomized controlled trials. PLoS Med.
2013; 10: 1001436

Parfrey PS, Drueke TB, Block GA, et al.: The Effects of Cinacalcet in Older and
Younger Patients on Hemodialysis: The Evaluation of Cinacalcet HCI Therapy to

29



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Lower Cardiovascular Events (EVOLVE) Trial. Clin. J. Am. Soc. Nephrol. 2015;
10: 791-9

Moe SM, Abdalla S, Chertow GM, et al: Effects of Cinacalcet on Fracture Events
in Patients Receiving Hemodialysis: The EVOLVE Trial. J. Am. Soc. Nephrol.
2014

Goldsmith DJA, Covic A, Vervloet M, et al.: Should patients with CKD stage 5D
and biochemical evidence of secondary hyperparathyroidism be prescribed
calcimimetic therapy? An ERA-EDTA position statement. Nephrol. Dial.
transplantation. 2015; 30(5), 698-700

Cunningham J, Danese M, Olson K, et al.: Effects of the calcimimetic cinacalcet
HCI on cardiovascular disease, fracture, and health-related quality of life in
secondary hyperparathyroidism. Kidney Int. 2005;68: 1793-1800

Urena P, Jacobson SH, Zitt E, et al.: Cinacalcet and achievement of the NKF/K-
DOQI recommended target values for bone and mineral metabolism in real-world
clinical practice--the ECHO observational study. Nephrol. Dial. Transplant 2009;
24: 2852-2859

Belozeroff V, Chertow GM, Graham CN, et al.: Economic Evaluation of
Cinacalcet in the United States: The EVOLVE Trial. Value Health 2015; 18:
1079-87

Yusuf AA, Howell BL, Powers CA, St Peter WL.: Utilization and costs of
medications associated with CKD mineral and bone disorder in dialysis patients
enrolled in Medicare Part D. Am. J. Kidney Dis. 2014;64: 770-780

Martin KJ, Bell G, Pickthorn K, et al.: Velcalcetide (AMG 416), a novel peptide

agonist of the calcium-sensing receptor, reduces serum parathyroid hormone and
FGF23 levels in healthy male subjects. Nephrol. Dial. Transplant 2014;29: 385—
392

Martin KJ, Pickthorn K, Huang S, Block GA, Vick A, Mount PF, Power DA,
Bell G: AMG 416 (velcalcetide) is a novel peptide for the treatment of secondary
hyperparathyroidism in a single-dose study in hemodialysis patients. Kidney Int.
85:191-197, 2014

Bell G, Huang S, Martin KJ, Block GA: A randomized, double-blind, phase 2
study evaluating the safety and efficacy of AMG 416 for the treatment of
secondary hyperparathyroidism in hemodialysis patients. Curr. Med. Res. Opin.
2015;31: 943-52

Chen P, Melhem M, Xiao J, et al.: Population pharmacokinetics analysis of AMG
416, an allosteric activator of the calcium-sensing receptor, in subjects with
secondary hyperparathyroidism receiving hemodialysis. J. Clin. Pharmacol.
2015; 55: 620-8

30



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Amgen, Inc. Amgen announces positive phase 3 results for AMG 416 for the
treatment of secondary hyperparathyroidis in patients with chronic kidney disease
receiving hemodialysis.
http://www.amgen.com/media/media_pr_detail.jsp?releaselD=1948573 (last
viewed 3/28/2016)

Amgen, Inc. Amgen announces positive top-lineresults from second phase 3
study of AMG 416 for the treatment of secondary hyperparathyroidism in
patients with chronic kidney disease receiving hemodialysis.
http://www.amgen.com/media/media_pr_detail.jsp?releaselD=1959215 (last
viewed 3/28/2016)

Amgen, Inc. Amgen announces positive results from head-to-head study
comparing the efficacy and safety of AMG 416 with cinacalcet in patients with
secondary hyperparathyroidism receiving hemodialysis.
http://www.amgen.com/media/news-releases/2015/02/amgen-announces-
positive-results-from-head-to-head-study-comparing-the-efficacy-and-safety-of-
amg-416-with-cinacalcet-in-patients-with-secondary-hyperparathyroidism-
receiving-hemodialysis/ (last viewed 3/28/2016)

Maluche HH, Mawad HW, Monier-Faugere MC: Renal osteodystrophy in the
first decade of the new millennium: analysis of 630 bone biopsies in black and
white patients. J Bone Min. Res 2011;26: 2793

Bover J, Urena P, Brandenburg V, et al: Adynamic Bone Disease: From Bone to
Vessels in Chronic Kidney Disease. Semin. Nephrol. 2014; 34: 626-640

Cejka D, Kodras K, Bader T, Haas M: Treatment of Hemodialysis-Associated
Adynamic Bone Disease with Teriparatide (PTH1-34): A Pilot Study. Kidney
Blood Press. Res. 2010;33: 221-6

Brandenburg V, Adragao T, van Dam B, et al.: Blueprint for a European
calciphylaxis registry initiative: the European Calciphylaxis Network
(EuCalNet). Clin. Kidney J. 2015; 8: 567-71

Hayashi M: Calciphylaxis: diagnosis and clinical features. Clin. Exp. Nephrol.
2013; 17: 498-503

Floege J, Kubo Y, Floege A, et al.: The Effect of Cinacalcet on Calcific Uremic
Avrteriolopathy Events in Patients Receiving Hemodialysis: The EVOLVE Trial.
Clin. J. Am. Soc. Nephrol. 2015; 10: 800-7

Adirekkiat S, Sumethkul V, Ingsathit A, D, et al.: Sodium thiosulfate delays the
progression of coronary artery calcification in haemodialysis patients. Nephrol.
Dial. Transplant 2010; 25: 1923-9

Weijs B, Blaauw Y, Rennenberg RIMW, et al.: Patients using vitamin K

antagonists show increased levels of coronary calcification: an observational
study in low-risk atrial fibrillation patients. Eur. Heart J. 2011; 32: 2555-62

31



110.

111.

112.

113.

114.

115.

116.

117.

118.

Caluwé R, Pyfferoen L, De Boeck K, De Vriese AS: The effects of vitamin K
supplementation and vitamin K antagonists on progression of vascular
calcification: ongoing randomized controlled trials. Clin. Kidney J. 2016; 9: 273-
9

Perello J, Salcedo C, Joubert PH, et al.: First-time-inhuman phas 1 clinical trial in
healthy volunteers with SNF472, a novel inhibitor of vascular calcification.
Nephrol Dial Trnsplant 2015; 30 (suppl 3): 11592, (Abstract)

Bover J, Evenepoel P, Urena-Torres P, et al.: Cardiovascular calcifications are
clinically relevant. Nephrol. Dial. Transplant 2015; 30: 345-351

Goldsmith DJA, Covic A, Fouque D, et al: Endorsement of the Kidney Disease
Improving Global Outcomes (KDIGO) Chronic Kidney Disease-Mineral and
Bone Disorder (CKD-MBD) Guidelines: a European Renal Best Practice (ERBP)
commentary statement. Nephrol. Dial. Transplant 2010; 25: 3823-3831

Zoccali C, London G: Con: vascular calcification is a surrogate marker, but not
the cause of ongoing vascular disease, and it is not a treatment target in chronic
kidney disease. Nephrol. Dial. Transplant 2015; 30: 352-7

Bover J, Dasilva I, Furlano M, et al.: Clinical Uses of 1,25-dihydroxy-19-nor-
vitamin D(2) (Paricalcitol). Curr. Vasc. Pharmacol. 2014; 12: 313-23

Mazzaferro S, Goldsmith D, Larsson TE, et al.: Vitamin D metabolites and/or
analogs: which D for which patient? Curr. Vasc. Pharmacol. 2014; 12: 339-49

Llach F, Yudd M: Paricalcitol in dialysis patients with calcitriol-resistant
secondary hyperparathyroidism. Am. J. Kidney Dis. 2001; 38: S45-50

Ketteler M, Martin KJ, Wolf M, et al.: Paricalcitol versus cinacalcet plus low-
dose vitamin D therapy for the treatment of secondary hyperparathyroidism in
patients receiving haemodialysis: results of the IMPACT SHPT study. Nephrol.
Dial. Transplant 2012; 27: 3270-3278

*Open-label phase 1V study comparing paricalcitol plus supplemental cinacalcet (only

119.

120.

121.

for hypercalcaemia) vs cinacalcet plus low-dose vitamin D in controlling intact
parathyroid hormone (iPTH) levels in hemodialysis patients

Zitt E, Fouque D, Jacobson SH, et al.: Serum phosphorus reduction in dialysis
patients treated with cinacalcet for secondary hyperparathyroidism results mainly
from parathyroid hormone reduction. Clin. Kidney J. 2013; 6: 287-294

Rodriguez ME, Almaden Y, Cafiadillas S, et al.: The calcimimetic R-568
increases vitamin D receptor expression in rat parathyroid glands. Am. J. Physiol.
Renal Physiol. 2007; 292: F1390-5

Carrillo-Lopez N, Alvarez-Hernandez D, Gonzalez-Suarez 1, et al.: Simultaneous
changes in the calcium-sensing receptor and the vitamin D receptor under the

32



122.

123.

influence of calcium and calcitriol. Nephrol. Dial. Transplant 2008; 23: 3479—
3484

Altman DG, Bland JM: Absence of evidence is not evidence of absence. BMJ
1995; 311: 485, 1995

Block G, Isakova T: Tip-toeing toward the finish line. Nephrol. Dial. Transplant
2015; 30: 1-3

33



ACKNOWLEDGEMENTS:

Dr Jordi Bover belongs to the Spanish National Network of Kidney Research RedinRen
(RD06/0016/0001 and RD12/0021/0033) and the Spanish National Biobank network
RD09/0076/00064. Dr Jordi Bover also belongs to the Catalan Nephrology Research
Group AGAUR 2009 SGR-1116. Dr Jordi Bover and Dr. M.M. Diaz-Encarnacion
collaborate with the Spanish “Fundacién Ifiigo Alvarez de Toledo” (FRIAT). We thank

Ricardo Pellejero for his invaluable bibliographic assistance.

CONFLICTS OF INTEREST

JB has received speaking honoraria from Abbvie, Amgen, Genzyme, and Shire; fees as
a consultant for Abbvie, Amgen, Vifor/Fresenius-Pharma, Chugai, Medice and
Genzyme/Sanofi. M.M.D-E and JB received a research grant from Abbvie. PU reports
personal fees and grants from Amgen, Abbvie, Genzyme-Sanofi, Medice, Hemotech,
and Fresenius. EF has received speaking honoraria from Abbvie, Amgen, Genzyme, and
Shire; fees as a consultant for Abbvie, Amgen, Vifor/Fresenius-Pharma. EF received a

research grant from Abbvie

34



Article highlights

e CKD is linked to an extremely important and independent increase in
mortality, and mineral and bone disorders (MBD) explain at least part of this
disproportionate risk

e Treatment of CKD-MBD requires an integral approach, addressing all 3
components of the CKD-MBD triad (including the presence of CVC)

e CKD-MBD and secondary hyperparahtyroidism are common and costly
manifestations of CKD

e Vitamin D deficiency is common both in the general population and in
patients with CKD, and it is associated with poor outcomes

e There is no proof that supplementation with vitamin D improves survival,
although guidelines recommend treatment of vitamin D deficiency

e Vitamin D receptor activators are used to reduce PTH secretion and have been
associated with improved outcomes in observational studies and meta-
analyses, but not in RCTs

e Selective activators of the vitamin D receptor (i.e. paricalcitol
vs calcitriol) seem to have a wider therapeutic window (less hypercalcemic
and hyperphosphatemic episodes) and have also been associated with
improved survival in dialysis patients in retrospective studies

e Calcimimetics provide a completely different means to control secondary
hyperparathyroidism in dialysis patients, controlling PTH synthesis and

secretion and decreasing calcium and phosphate levels.
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e The ADVANCE and EVOLVE RCTs provide important clues towards
improvement of hard outcomes in dialysis patients

o Etelcalcetide represents a novel iv agonist of the calcium-sensing receptor

e Combination of anti-parathyroid agents is a feasible clinical option

e Low PTH levels (< 2 times the upper limit of normality for the assay) should
be avoided since adynamic bone disease is associated to poor outcomes

e Increasing trends in PTH levels should be treated and PTH levels > 9 times
the upper limit of normality should be definitely avoided

e Therapeutic nihilism while awaiting the results of new RCTs does not seem to

be justified

This box summarizes key points contained in the article

CKD: chronic kidney disease; MBD: mineral and bone disorders; CKD-MBD: chronic
kidney disease-mineral and bone disorder; CVC: cardiovascular calcification; PTH:

parathyroid hormone; RCT: randomized clinical trial
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Table 1. General comparison between vitamin D derivatives and cinacalcet

_ ADVANTAGES DISADVANTAGES

ACTIVE VITAMIN D
Calcitriol

Alfacalcidol
Paricalcitol (SVDRA)

Maxacalcitol (SVDRA)

CINACALCET

Very good tolerance

Oral and intravenous routes
Decreases PTH synthesis
Improves bone

Can be given both in dialysis
and non-dialysis patients
Association with improved
survival in retrospective

studies and meta-analyses

Oral (an intravenous
calcimimetic is in Phase I11)
Decreases PTH synthesis and
secretion

Improves bone

Decreases Ca, CaxP; and
FGF-23 levels

May decrease P levels

May be given with high serum

Ca and/or P levels

Increased Ca, P and Cax P
level

Increased FGF-23

Cost and availability of
SVDRA

Lack of hard end-point

prospective RCTs

Hypocalcemia (rarely
symptomatic)

Relatively poor tolerance
(especially frequent nausea
and vomiting among other
secondary effects)

NOT indicated in non-
dialysis patients (only
primary
hyperparathyroidism and

parathyroid carcinoma)
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* Nominally significant because of hypocalcemia
attenuation of the progression and hyperphosphatemia
of valvular and vascular » Cost and availability
calcification (RCT)

* Nominally significant survival
benefits (secondary adjusted

predefined analysis of RCT)

SVDRA: selective vitamin D receptor activators; Ca: calcium; P: phosphate; PTH: parathyroid

hormone; FGF23: fibroblast growth factor 23; RCT: randomized clinical trial
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Table 2. Negative and positive aspects of the EVOLVE study (EValuation Of

Cinacalcet HCI therapy to Lower CardioVascular Events)

NEGATIVE

Nonsignificant primary composite endpoint by unadjusted ITT analysis
Too many drop-ins (20% in the placebo group)

Too many drop-outs (almost 2/3 in the cinacalcet group)

Unacceptable loss of statistical power (re-estimated power, 54%)

Very frequent secondary effects

Complex statistics

Inconclusive trial

POSITIVE

Clear positive tendencies with a single drug in the complex dialysis setting
Nominally significant PRESPECIFIED analysis:

Adjusted multivariable analysis

Lag-censoring analysis

Inverse probability of censoring weighting (IPCW)
Nominally significant decreases in heart failure, parathyroidectomy, clinically

reported bone fractures, and calciphylaxis (secondary endpoints)

Known and expected secondary effects
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Table 3. Strategies to control gastrointestinal symptoms related to cinacalcet

* Inform patients about the importance of controlling CKD-MBD and its impact on

cardiovascular outcomes

* Inform patients that although cinacalcet may cause Gl effects, it is not an ulcer-

inducing drug
» Give cinacalcet after the main meal or in the evening

* Do not withdraw cinacalcet immediately if only mild/moderate symptoms are

present

e Start with the minimum dose and adjust the dose according to PTH and tolerance

(combination with vitamin D may be helpful)
» Decrease or fractionate the dose if symptoms appear after a dose escalation

» Caution is advised with the use of antiemetics (including metoclopramide) in

patients with hypocalcemia-related QT prolongation

CKD-MBD: chronic kidney disease and mineral bone disease; Gl: gastrointestinal;

PTH: parathyroid hormone; QT: QT interval on electrocardiogram
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Table 4. Considerations for adynamic bone disease

* Avoid an excessive Ca load (Ca-based P-binders, active forms of vitamin D) and

consider non-Ca based P-binders

» Avoid an excessive PTH oversuppression (active forms of vitamin D,

calcimimetics) and consider native vitamin D
» Decrease Ca-dialysate content
» Avoid trace metal exposure

» Avoid bisphosphonates and other antiresorptive agents without a bone biopsy ruling

out low-turnover bone disease

» Potential for recombinant PTH and antisclerostin monoclonal antibodies (?)

Ca: calcium; P: phosphate; PTH: parathyroid hormone
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Table 5. Summary of the treatment of secondary hyperparathyroidism and CKD-

MBD

Use knowledge of CVC to guide treatment of CKD-MBD, use drugs in combination, and

individualize treatment.
Phosphate (and/or FGF23) control: (P-binders) (see Part I)!

e Achieve P levels as close to normality as possible with reasonable measures,
including optimization of dialysis*

e Avoid additives by all possible means, prioritize a balanced vegetarian vs animal
dietary protein source and limit > P/protein index foods

e Prioritize P-binder prescription over unsupervised non-specific protein diet
restriction

e If very high serum PTH and P levels are present, consider the possibility that P may
NOT be of intestinal origin.

e Personalize choice of P-binder prescription depending on patient preferences, CKD
stage (dialysis vs non-dialysis), presence/absence/degree of VVC, concomitant
therapies (i.e., VDRA, calcimimetics) and side effect profile (i.e., palatability,
constipation, diarrhea)

e Avoid Ca-based P-binders in patients with hypercalcemia, low PTH levels, and/or
ABD. Avoid or limit Ca-based P-binders in diabetics, patients with VC, and patients

treated with coumadin.
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e Combination of P-binders is possible and inhibition of intestinal transporters may

soon become an alternative or add-on therapy to improve clinical effectiveness.

PTH control (specific anti-parathyroid treatment)

e Aim for iPTH levels between 2 and 5 times the upper limit of normality and avoid
extremes of risk (<2X or >9X).

e Treat tendencies and do not respond to minor variations in PTH.

e |Initial drug selection may be based on CKD stage, Ca and P levels as well as on
other aspects of CKD-MBD (e.g., CVC).

e Cinacalcet is not approved for the treatment of secondary hyperparathyroidism in
CKD stages 3-5

e In CKD stage 5D, use vitamin D and calcimimetics in combination to improve
efficacy with fewer secondary effects, eventually always considering the Ca and P
levels

e Selective VDRA (paricalcitol) may provide a wider therapeutic window, especially
in those with a trend toward hypercalcemia or hyperphosphatemia, diabetic patients,
and those prone to VC (experimental).

e Cinacalcet is considered first-line treatment in hypercalcemic (and perhaps
significantly hyperphosphatemic) dialysis patients.

e |.V. etelcalcetide may improve compliance

CKD-MBD: chronic kidney disease-mineral and bone disorder; P: phosphate; Ca:
calcium; CVC: vascular calcification; ABD: adynamic bone disease; VDRA: vitamin D
receptor activators; iPTH: intact parathyroid hormone; i.v.: intravenous; <2X->9X: less
than 2 times or more than 9 times the upper limit of normality for the assay.
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*Curiously, just in the summary of product characteristics of non-Ca based P binders it
is stated that they are indicated for the control of hyperphosphatemia in adult patients

with CKD not on dialysis only with serum P > 1.78 mmol/l (5.5 mg/dl).
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