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Abstract
Secondary hyperparathyroidism is a frequent complication of chronic kidney disease that begins early in the course of renal
insufficiency as an adaptive response to maintain mineral homeostasis. This complex disorder affects the bone, leading to an
increase in fracture risk and is associated with increased risks of vascular calcification and mortality.
Purpose of Review In this review, we examine the different strategies available to manage secondary hyperparathyroidism.
Particularly, we focus on the adequate control of serum phosphorus by restricting intake and the use of phosphate binders,
correction of hypocalcemia while minimizing calcium burden, and reduction in PTH levels through the use of vitamin D sterols
and calcimimetics.
Recent Findings It was observed that although numerous agents directed at the correction of these abnormalities have demon-
strated effectiveness on biochemical markers, there is still a relative scarcity of studies demonstrating treatment effectiveness as
measured by hard clinical outcomes. In addition, most agents have side effects that may limit their use, even in patients in which
the treatment has demonstrated efficacy in controlling these parameters.
Summary There is still controversy as to what therapeutic regimens to choose for a particular patient and what parameter should
be used to follow their effects, including outcomes, side effects, pill burden, and costs, among others. In the present article, we
analyze controversial aspects of the different therapeutic agents available. Although many tools and regimens are available, no
one by itself is enough for an adequate management of the patient. But rather, combined therapy and individualization of
approaches are recommended for better results. We suggest that new studies analyzing the effectiveness of therapeutic ap-
proaches to the management of secondary hyperparathyroidism should be directed not only to controlling parathyroid hormone
levels but also to the evaluation of long-term outcomes, based on modification of morbidity, mortality, and end organ impact,
while reducing side effects and controlling costs, among others.
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Introduction

Secondary hyperparathyroidism (SHPT) is a frequent compli-
cation of CKD that begins early in the course of renal insuffi-
ciency as an adaptive response to maintain mineral homeosta-
sis. SHPT is part of the chronic kidney disease-mineral and
bone disorder (CKD-MBD) that encompasses alterations in

serum calcium, phosphate, PTH, vitamin D, and FGF23; bone
abnormalities; and vascular calcification [1]. This complex
disorder is associated with increased risks for morbidity and
mortality [1, 2].

As renal function declines, phosphate levels are maintained
by reducing phosphate reabsorption in the remaining neph-
rons by the action of FGF23. However, the effects of FGF23
are limited due to proximal tubule Klotho deficiency occur-
ring early in the course of CKD [3–6]. As a consequence, PTH
increases to maintain phosphate balance. With the progression
of renal insufficiency, FGF23 and PTH are no longer enough
to maintain phosphate homeostasis , resul t ing in
hyperphosphatemia. Both phosphate and FGF23 inhibit 1-
alpha-hydroxylase in the kidney leading to calcitriol

This article is part of the Topical Collection on Kidney and Bone

* Kevin J. Martin
kevin.martin@health.slu.edu

1 Division of Nephrology and Hypertension, Saint Louis University,
Saint Louis, MO 63110, USA

https://doi.org/10.1007/s11914-019-00533-x
Current Osteoporosis Reports (2019) 17:333–342

Published online: 4 September 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s11914-019-00533-x&domain=pdf
mailto:kevin.martin@health.slu.edu


deficiency. Phosphate increases PTH secretion in the parathy-
roid gland independent of calcium and calcitriol. Calcitriol
deficiency decreases intestinal calcium absorption leading to
hypocalcemia and diminishes tissue levels of vitamin D re-
ceptors (VDR), which in the parathyroid gland results in re-
sistance to calcitriol-mediated regulation of PTH synthesis
and elevation of PTH secretion. All these factors lead to
SHPT. With time, nodular hyperplasia of the parathyroid
gland occurs and the mechanisms controlling PTH secretion
become ineffective. The persistent action of PTH increases
bone turnover, resorption and frailty, and consequently, ele-
vated fracture risk [3].

The pathophysiologic mechanism of SHPT summarized
above underlines the basis of its prevention and treatment, that
is, adequate control of phosphate levels through reduction of
intake and the use of phosphate binders, adequate dialysis, and
direct inhibition of PTH synthesis and secretion with active
vitamin D or calcimimetics (Fig. 1). Guidelines have been
developed to help the clinician decide the best approach to
this complex problem [7]. Unfortunately, the results are still
limited due to both difficulties in their application and scarcity
of controlled studies demonstrating treatment effectiveness.
As a consequence, there is controversy as to what therapeutic
regimens to choose for a particular patient.

Control of Phosphate

Numerous studies have shown that in addition to its central
role in SHPT, there is an association between high phosphate
levels and cardiovascular and all-cause mortality in patients
with advanced CKD [7–12]. Although causality has not been
demonstrated between phosphate levels and poor clinical out-
comes, concern about this association has increased the inter-
est in reducing phosphate levels as a means to control cardio-
vascular mortality. KDIGO [7] guidelines suggest lowering
elevated phosphate levels toward the normal range in CKD
3 to 5D (2C), and that decisions about phosphate-lowering

treatment should be based on progressively or persistently
elevated serum phosphorus (not graded).

During the early stages of CKD, FGF23 and PTHmaintain
serum phosphate levels within the normal range [3].
Therefore, a relative reduction in phosphate intake seems log-
ical as a means to decrease the amount of phosphate absorbed
in the intestine and, consequently, decrease PTH secretion.
The use of phosphate-lowering agents at these stages of
CKD is highly controversial as there is no hard evidence of
benefit of better outcomes in terms of SHPT [7]. In addition,
follow-up of phosphate binders requirement is difficult, as
serum phosphate levels at these stages will not express the
status of phosphate balance.

In CKD stages 5 and 5D, increases in FGF23 and PTH are
not sufficient to control hyperphosphatemia. Therefore, in
most patients, management of phosphate load requires the
use of phosphate-lowering agents to decrease intestinal ab-
sorption and remove phosphate from the circulation. At this
point, counseling on nutritional recommendations to reduce
phosphate intake by diminishing protein consumption and
adequate selection of the protein source (animal vs. vegetable,
food additives, medications, etc.) are central to the manage-
ment of phosphate burden [13, 14]. However, a patient’s com-
pliance frequently limits the effectiveness of protein-restricted
diets in reducing phosphate burden and the control of
hyperphosphatemia. Furthermore, controversy exists as to
the extent of dietary protein restriction in patients with ad-
vanced renal disease in which nutritional status may be al-
ready compromised by the disease.

Hemodialysis removes phosphorus, but in the usual regi-
men of 3 times per week inmost patients, together with dietary
phosphate restriction, is not enough to control serum phos-
phate levels [15]. Increasing the length and frequency of HD
improves phosphate removal and may be enough to control
hyperphosphatemia [16–19], but application of this type of
regimen in large scale may be impractical and costly.

Phosphate binders have been the mainstay of phosphate-
loweringmeasures in advanced CKD by their ability to reduce
intestinal phosphate absorption. Aluminum-based agents were
extensively used given their effectiveness as phosphate
binders but have been largely discontinued due to toxicity in
bone and the CNS [20, 21]. Calcium-based agents (calcium
carbonate and calcium acetate) have been widely used due to
their effectiveness as phosphate binders. However, there has
been increasing concern about their possible contribution to
positive calcium balance and the increase of vascular calcifi-
cation and cardiovascular mortality in patients with advanced
CKD [1, 3, 7, 22–24]. Thus, non-calcium-based phosphate
binders have been developed and are increasingly used to
control phosphate absorption without a calcium burden.
These agents include sevelamer, lanthanum carbonate, mag-
nesium, and iron-containing agents. Numerous studies have
demonstrated that these agents are as effective as calcium salts

Fig. 1 Management strategies for the treatment of hyperparathyroidism
in chronic renal failure
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in controlling intestinal phosphate absorption. However, con-
troversy exists with regard to their effect on calcium balance,
vascular calcification, and mortality.

Several studies have compared calcium- and non-calcium-
based phosphate binders in controlling serum PTH, vascular
calcification, and cardiovascular morbidity and mortality.
Unfortunately, the design of the studies has been heteroge-
neous with regard to patient selection, duration of follow-up,
and outcomes, among others, making comparison difficult to
interpret. Some studies comparing calcium-based binders with
sevelamer have shown similar effectiveness as phosphate
binders and no significant differences in their effects on PTH
levels compared to baseline, but higher calcium levels and
CAC score have been observed in patients treated with
calcium-based binders compared with those receiving
sevelamer [25]. In patients new to hemodialysis randomized
to receive calcium-based binders or sevelamer over 18months,
calcium-treated patients showed more rapid and severe in-
crease in CAC score compared to those treated with sevelamer
[26]. In contrast, in another study comparing calcium acetate
treatment with sevelamer, although hypercalcemia was ob-
served more frequently in patients treated with calcium ace-
tate, persistent hypercalcemia did not differ between the two
groups. Both compounds were similarly effective in control-
ling serum phosphate and PTH, and the CAC progression was
similar in the two groups [27]. The difference in the results of
these and other studies may result from variations in the se-
lection of patients included in the study, baseline CAC, and
other factors such as presence of diabetic nephropathy and
smoking [28]. Studies comparing mortality are also controver-
sial. Thus, in a randomized study following hemodialysis pa-
tients treated with calcium-based binders compared to those
treated with sevelamer, all-cause and cause-specific mortality
were not different between the two groups, although there was
a significant age interaction as only in patients aged more than
65 years was there an effect of sevelamer in lowering the
mortality rate [29]. Criticisms to this study include a high rate
of loss to follow-up, length of time under dialysis treatment,
and high percentage of diabetics [30–33]. A meta-analysis of
several randomized trials comparing non-calcium- vs.
calcium-based binders on mortality showed that patients
assigned to non-calcium binders had a 22% reduced mortality
compared to those assigned to calcium-based phosphate
binders [30]. Similarly, in a more recent meta-analysis of ran-
domized controlled trials of patients with CKD stages 3 to 5
and patients on dialysis treated with calcium-based binders
compared with sevelamer, patients treated with sevelamer
had lower all-cause mortality, but no statistically significant
difference on cardiovascular mortality was observed. In addi-
tion, patients on sevelamer had a lower risk of hypercalcemia
and higher levels of PTH, while serum phosphate levels were
not significantly different [31]. In themajority of studies, com-
bined gastrointestinal side effects occurred more often with

sevelamer. Thus, the majority of randomized studies suggest
that non-calcium binders, while similarly effective at lowering
phosphate, are associated with less cardiovascular or all-cause
mortality than calcium-based binders. In addition, there seems
to be a lower risk of hypercalcemia and CAC in these patients,
an aspect that should be considered in choosing the calcium
binder in patients with high cardiovascular risk. An additional
advantage of sevelamer is its cholesterol-lowering effect that
could be of help in reducing CV risk [34, 35].

Lanthanum carbonate has been widely used in more recent
years to treat hyperphosphatemia in ESRD. It is as effective as
calcium-based binders and sevelamer at controlling phosphate
levels, and is associated with less hypercalcemia compared
with calcium binders, and its secondary effects seem to be
not different [36]. There has been concern about the possible
toxicity of lanthanum given the past experience with
aluminum-based phosphate binders [37]. However, the phar-
macodynamics of lanthanum are different than that of alumi-
num and several studies have failed to demonstrate the accu-
mulation of lanthanum in the CNS [38]. With respect to bone
toxicity, lanthanum can accumulate in the bone in “relatively
low quantities” but no alterations in bone histomorphometry
have been demonstrated [38]. Side effects of lanthanum car-
bonate are particularly gastrointestinal, and patients find its
pills difficult to swallow, as tablets require crushing or break-
ing in smaller pieces. Comparative studies of lanthanum car-
bonate and calcium-based binders and with sevelamer itself
are limited [3]. In a recent preliminary study of dialysis pa-
tients followed for 3 years, lanthanum carbonate and calcium
carbonate yield similar results in terms of effectiveness as
phosphate binders and no statistically significant differences
were observed in terms of cardiovascular mortality and CVC
accumulation [39]. In terms of effects on parathyroid gland
function, there was no difference in PTH levels in the two
groups.

Comparative studies including more recently released
phosphate binders such as iron-based products, and magne-
sium salts are less available. Ferric citrate binds phosphate in
the intestine and reduces serum phosphate levels [40•]. A ran-
domized study comparing ferric citrate with sevelamer and
calcium based-binders showed effective phosphate level con-
trol. Calcium and PTH levels were not different than in pa-
tients receiving calcium binders or sevelamer, with the addi-
tion that ferric citrate increased iron stores and decreased re-
quirements of intravenous iron and erythropoietin-stimulating
agents while maintaining hemoglobin levels [40•, 41•]. While
these properties may give some advantage over other phos-
phate binders, gastrointestinal adverse effects are frequent and
pill burden is similar to calcium-treated patients but less than
those receiving sevelamer.

At the present time, the evidence favors control of phos-
phate levels in CKD and particularly in advances stages. With
the exception of aluminum, all phosphate binders currently in
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use are similarly effective at reducing serum phosphate levels.
Unfortunately, despite the advances with the introduction of
new phosphate binders, controlling serum phosphorus re-
mains challenging and hyperphosphatemia continues to be
extremely common in CKD patients [3, 42]. So, the choice
of the binder should be oriented to their potential long-term
effect in reducing vascular calcification and limiting other side
effects. It seems also clear that single approaches are not
enough to maintain phosphate levels within a normal range,
and as suggested by KDIGO guidelines [7], phosphate-
lowering measures should be used in concert to control
hyperphosphatemia in patient-oriented approaches, including
diet, phosphate binders, and adequate dialysis. In addition,
reduction of PTH levels in patients with SHPT by other means
is important as PTH action in the bone results in bone resorp-
tion and release of phosphate [3] which in turn will increase
serum phosphate levels independent of intestinal absorption.

According to the data available, non-calcium binders
should be preferred owing to the data associating calcium-
based binders with cardiovascular and all-cause mortality,
and vascular calcification, particularly in those patients with
higher risk of vascular calcification. In this regard, KDIGO
guidelines [7] suggest restricting the dose of calcium-based
phosphate binders in patients with CKD G3a-G5D receiving
phosphate-lowering treatment (2B). However, non-calcium
binders are considerably more expensive, an important factor
in medical systems with lower coverage, and are not devoid of
side effects. Gastrointestinal side effects and a higher medica-
tion burden are more frequent with the non-calcium-
containing binders.

Finally, the effectiveness of phosphate binders in reducing
serum phosphorus has been well demonstrated; their ultimate
effects on clinical outcomes remain controversial. Thus, more
placebo-controlled studies are necessary to definitively prove
that the reduction of serum phosphorus by phosphate binders
improves clinical outcomes.

Calcium Management

The calcium-sensing receptor (CaSR) is central for the regu-
lation of calcium homeostasis. In the parathyroid gland, CaSR
regulates PTH secretion. Under normal conditions, low serum
calcium levels increase PTH secretion while high calcium
acting at the CaSR inhibits the hormone secretion. Many pa-
tients with CKD have low serum levels of calcium. This oc-
curs at least in part as a consequence of decreased calcium
absorption in the gastrointestinal tract due to vitamin D defi-
ciency [3]. As calcium is the main factor controlling PTH
secretion, hypocalcemia in CKD contributes to the develop-
ment and persistence of SHPT. Interestingly, retrospective
analyses in dialysis patients have shown an association be-
tween hypocalcemia and mortality risk [28], thus constituting

another possible reason to correct hypocalcemia in these pa-
tients. However, correction of hypocalcemia is not devoid of
risk as the range of normality of serum calcium is narrow, and
overzealous correction may lead to an increase in the calcium
burden and the risk of vascular calcification [3]. In this regard,
KDIGO guidelines [7] suggest avoiding hypercalcemia in
adult patients with CKD G3a–G5D (not graded).

In dialysis patients, correction of hypocalcemia is attained
mainly via the calcium content in the dialysate, calcium sup-
plements, and vitamin D sterols. However, there is no consen-
sus about the optimal calcium concentration in the dialysate.
Several recommendations have been made, taking into ac-
count the status of mineral and bone metabolism as well as
their impact on the cardiovascular condition. Thus, relatively
low calcium concentrations have been suggested for patients
with low PTH levels and adynamic bone disease [43, 44] in
order to further PTH secretion. Based on expert opinion, the
Kidney Disease Outcomes Quality Initiative (KDOQI) [45]
suggested a dialysate calcium concentration of 2.5 mEq/l for
patients in hemodialysis or peritoneal dialysis. This would
allow the use of larger amounts of calcium-based phosphate
binders and vitamin D while the risk of hypocalcemia is re-
duced. However, with the current availability of non-calcium
phosphate binders, this concern is no longer critical. More
recently, KDIGO [7] suggested using a dialysate calcium con-
centration between 1.25 and 1.50 mmol/l (2.5 and 3.0 mEq/l).
The rationale behind these suggestions is studies showing that
a calcium concentration of 2.5 mEq/ml in the dialysate im-
proves bone and mineral parameters as compared with higher
calcium concentration [44]. Conversely, while high dialysate
calcium concentration helps reduce PTH secretion, it has been
associated with all-cause and cardiovascular mortality
[46–48]. Thus, there is still controversy about the benefits
and harms of these calcium concentrations and more studies
are needed to clarify this important issue. Furthermore, except
in extreme cases of hypercalcemia or hypocalcemia in which
it seems reasonable that low and high calcium concentration,
respectively, should be used, there are no precise strategies to
help the clinician decide which calcium concentration to use
in a particular patient. Again, the range of serum calcium is
narrow and does not necessarily reflect calcium balance which
is tightly regulated. Thus, positive balance may not be
reflected in serum calcium levels, and particularly in patients
receiving calcium-based phosphate binders, as high calcium
concentration in the dialysate may also be a source of positive
calcium balance and calcium accumulation [48].

Given the difficulties in assessing the calcium requirements
in dialysis patients and the number of calcium sources (diet,
calcium-based phosphate binders, increased intestinal calcium
absorption in patients receiving vitamin D agonists, and dial-
ysate calcium concentrations), as well as the varied metabolic
status of the patients, we agree on individualizing the ap-
proach [7, 49] to avoid overcorrection with the possibility of
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increasing calcium burden or under-correction favoring
SHPT.

PTH-Lowering Agents: Vitamin D
and Calcimimetics

Vitamin D Vitamin D sterols and calcimimetics are specific
PTH-lowering agents that act directly on the parathyroid gland
to inhibit PTH secretion. Their effects are exerted directly
through receptors in the parathyroid cell, the vitamin D recep-
tor (VDR) and the CaSR, respectively [50–52].

Calcitriol, the active form of vitamin D, has been widely
used as one of the main therapies for SHPT. Multiple studies
have demonstrated that calcitriol and other active vitamin D
sterols, paricalcitol, doxercalciferol, and other analogs, are
effective in reducing PTH levels. Since PTH increases bone
remodeling, the ultimate goal of the therapy with these agents
is to improve bone remodeling and reduce fracture risk.
However, treatment with these agents has limitations as ex-
cessive inhibition of PTH secretion may lead to a severe de-
crease in bone turnover leading to adynamic bone disease and
vascular calcification [53], whereas insufficient inhibition of
PTH will not control SHPTand consequently, high bone turn-
over persists. Moreover, active vitamin D increases intestinal
calcium and phosphate absorption leading to hypercalcemia
and hyperphosphatemia, which limit their use. These second-
ary effects are more severe with calcitriol compared with
paricalcitol or doxercalciferol, which act at the parathyroid
gland VDRwith an affinity similar to calcitriol but have lower
affinity at the intestine [53]. Doxercalciferol, a prohormone
that requires conversion to the active form in vivo, has similar
a effect to paricalcitol albeit larger doses are required for PTH
suppression.

As calcitriol deficiency and high PTH levels occur relative-
ly early in the course of CKD, controversy has arisen as to
whether treatment with vitamin D should be initiated to pre-
vent or treat SHPT early in the course of the disease.
Moreover, since low levels of 25(OH) vitamin D are a fre-
quent finding in CKD patients, there is controversy on when
to initiate vitamin D supplementation and whether native or
active forms of vitamin D should be utilized in early stages of
CKD as well as in patients on dialysis [54]. 25(OH) vitamin D
is the substrate for calcitriol; thus, it seems logical to correct
vitamin D deficiency or insufficiency by providing cholecal-
ciferol or ergocalciferol, the natural forms of vitamin D, as a
means to improve calcitriol levels. However, in a recent study
by Batacchi et al. [54], it was found that supplementation of
CKD patients with vitamin D, correction of 25(OH) vitamin D
levels, was not accompanied by an increase in calcitriol and
adequate suppression of SHPT. This suggests that the same
defects contributing to impaired 1,25(OH)2D production in
the unsupp lemented s ta te ex tend to v i t amin D

supplementation. Plasma FGF-23 concentration inversely cor-
related with plasma 1,25(OH)2D concentration at baseline and
adjusting for PTH and FGF-23 concentrations attenuated as-
sociations of CKD with change in the 24,25(OH)2D3-to-
25(OH)D3 metabolic ratio, suggesting that PTH and FGF-23
may mediate, in part, the effects of CKD on vitamin D metab-
olism. Therefore, suppression of PTH secretion with native
vitamin D to control SHPT may not be enough and the use
of active vitamin D analogs or other PTH-lowering agents is
required [53]. Nevertheless, native vitamin D continues to be
used in CKD patients as other actions beyond treatment of
SHPT have been considered.

The effectiveness of active vitamin D in controlling SHPT
has been demonstrated in multiple studies, particularly with
regard to biochemical endpoints in patients with CKD 3 to 5
and ESRD on dialysis. Although biochemical surrogates may
be linked to improvement in the end organ effects of PTH
levels, relatively scarce studies have analyzed their effect on
bone histomorphometry [55, 56]. Therefore, more studies
aimed to evaluate the end organ effect of these agents in bone
and other organs, particularly as adverse effects of active vi-
tamin D analogs, hypercalcemia, and oversuppression of the
parathyroid cell, are relatively frequently observed [57, 58].
Indeed, the KDIGO guidelines update [7] suggests that in
adult patients with CKD G3a–G5 not on dialysis, calcitriol
and vitamin D analogs should not be routinely used (2C)
and that it is reasonable to reserve the use of calcitriol and
vitamin D analogs for patients with CKD G4–G5 with severe
and progressive hyperparathyroidism (not graded). In a recent
analysis, the KDOQI work group [59] agreed with this guide-
line. However, they claim that the guideline update does not
explicitly stipulate when administration of calcitriol and vita-
min D analogues for PTH suppression should occur because
the term “severe” is not defined. Thus, there is ambiguity
facing implementation of the guideline update. So, there is
controversy between expert groups as to the time and dose
of active vitamin D in patients with SHPT and CKD 4 to 5.
In patients with CKD 5D, KDIGO guidelines [7] suggest
PTH-lowering therapy with calcitriol or vitamin D analogs
(2B). Again, adverse effects such as hypercalcemia and exces-
sive suppression of PTH are the main concerns with this type
of therapy.

Among other limitations of active vitamin D analogs is
their limited capability of reducing PTH levels to adequate
values, particularly in patients with severe SHPTwith nodular
hypertrophy in whomVDR expression in the parathyroid cells
are decreased or downregulated [51]. In these cases, the use of
other agents alone or in combination with vitamin D analogs
may be required.

Calcimimetics The CaSR in the parathyroid gland plays an
essential role for the treatment of SHPT. This receptor, highly
sensitive to changes in calcium concentration, also responds to
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other substances that can act as modulators of PTH secretion.
Natural calcimimetics such as magnesium and other inorganic
compounds act directly at the CaSR in the parathyroid gland,
decreasing PTH secretion (calcimimetics type 1). In addition,
other positive allosteric modulators of the CaSR, classified as
type II, bind to a site distinct from the physiological ligand,
rendering the CaSR more sensitive to calcium, so that inhibi-
tion of PTH secretion is achieved at lower calcium concentra-
tion [60]. The calcimimetic most widely used for SHPT treat-
ment is cinacalcet [61–63], but more recently, etecalcetide, a
new generation of calcimimetics, has been increasingly used
[64]. Different from cinacalcet that is used orally on a daily
basis, etecalcetide, due to its longer metabolism, is adminis-
tered intravenously three times a week during dialysis. The
efficacy of calcimimetics as a PTH-lowering agent has been
demonstrated in several randomized controlled trials [65•, 66].
These compounds also decrease serum calcium and phospho-
rus levels [61, 62, 64]. The efficacy of cinacalcet has also been
demonstrated in patients that did not achieve adequate PTH
because of elevated calcium and phosphate levels while on
therapy with active vitamin analogs [61]. Indeed, the
placebo-controlled EVOLVE study [67], conducted in dialysis
patients with SHPT, confirmed a greater achievement of bio-
chemical parameters of CKD-MBD in patients treated with
cinacalcet than with standard therapy, including vitamin
sterols.

The new calcimimetic agent etelcalcetide has been recently
approved for treatment of SHP in patients on dialysis. This
agent decreases PTH by acting at the CaSR and induces hy-
pocalcemia, but different from cinacalcet, it may activate the
CaSR even in the presence of hypocalcemia and has longer
half-life, which confers the advantage that it can be adminis-
tered three times a week at the end of hemodialysis. Recent
trials in hemodialysis patients with moderate or severe SHPT
have shown that patients randomized to etelcalcetide for
26 weeks were more likely to achieve a reduction of PTH
greater than 30% compared to the placebo group [65•, 66],
but also demonstrated non-inferiority compared with
cinacalcet, and in fact was superior in achieving control of
PTH levels [68]. Thus, significantly more patients in the
etelcaletide group achieved more than 50% reduction in
PTH levels as compared to 40.2% in the cinacalcet group
[65•]. The number of patients receiving calcium-based phos-
phate binders or higher calcium concentration in the dialysate
increased in both groups, and side effects where not different.

Controversy exists about the choice of PTH-lowering
agent, active vitamin D sterols or calcimimetics. One of the
limitations of vitamin D sterols is the associated increase in
calcium and phosphate intestinal absorption that frequently
requires a dose reduction in order to avoid or control hyper-
calcemia or hypophosphatemia. Conversely, calcimimetics,
although highly effective in reducing PTH levels, induce hy-
pocalcemia and hypophosphatemia that also require reducing

their dose or the use of other measures to control them, more
frequently combination with active vitamin D. In addition,
other side effects are relatively frequent with calcimimetics,
more commonly gastrointestinal events [65•, 66], and also
limit their use in a number of patients. Consequently, both
vitamin D sterols and calcimimetics are effective at decreasing
PTH, but adverse effects limit long-term effectiveness. Cost is
another limitation to use calcimimetics in the setting of ESRD
[68]. In this context, effectiveness, side effects, adherence, and
budget must be considered in a patient-oriented analysis.

One of the criticisms of vitamin D active agents is the
scarcity of studies demonstrating, that beyond their biochem-
ical effects (lowering PTH, reducing levels of biochemical
bone markers, etc.), they have end organ effectiveness, such
as improving bone metabolism, fracture risk, vascular calcifi-
cation, or reducing cardiac mortality. In contrast, some studies
have shown that in patients with ESRD and severe SHPT
randomized to cinacalcet in addition to active vitamin D ther-
apy, patients receiving cinacalcet had a reduced risk of frac-
ture, cardiovascular hospitalization, and parathyroidectomy
compared with those receiving placebo and conventional ther-
apy [69–71].

Prospective histomorphometric studies have shown that in
addition to improving biochemical surrogates of bone metab-
olism in patients with ESRD with SHPT, cinacalcet dimin-
ished activation frequency, bone formation rate/bone surface,
and fibrosis surface/bone surface after one year of treatment;
bone turnover and bone marrow fibrosis are both indicators of
parathyroid bone disease [69–71]. Interestingly, adynamic
bone disease, frequently observed in patients with
oversuppression of PTH, was observed in only 2 out of 19
patients receiving cinacalcet in which PTH was persistently
low. Similarly, in the BONAFIDE trial [72], cinacalcet effec-
tively decreased PTH and the bone histomorphometric analy-
sis showed a decrease in bone turnover, osteoid perimeter, and
eroded perimeter, also indicating improvement in parathyroid-
associated bone disease. Two patients with PTH under 150 pg/
ml and one patient with overt hypophosphatemia very low
PTH had adynamic bone at the end of the study, and one
patient with overt hypophosphatemia at baseline that recurred
during follow-up developed osteomalacia. These studies dem-
onstrate an end organ effect of cinacalcet in controlling SHPT
bone disorder.

In summary, both active vitamin D and calcimimetics de-
crease effectively PTH levels in patients with SHPT.
Cinacalcet also has demonstrated to improve bonemetabolism
as measured by bone histomorphometry and fracture risk.
However, more controlled studies with calcimimetics and ac-
tive vitamin D agents should be performed to corroborate the
end organ effect of these agents and their impact on clinical
outcomes.

The availability of an effective PTH-lowering agent has
made parathyroidectomy less necessary. However, this
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method is still considered in some patients, particularly in
those with severe SHPT difficult to control by medical means.
However, controversies exist about patient selection, surgical
expertise, and long-term results as a number of patients may
undergo severe hypoparathyroidism, whereas in many others,
a very tight control of the mechanisms behind the develop-
ment of SHPT is required.

Even though there are agents capable of effectively reduc-
ing PTH levels in patients with SHPT, controversial questions
still need to be addressed. Some of the main doubts are how
much control of PTH levels should be achieved, when to start
and when to stop treatment with PTH-lowering agents, what
agent should be chosen, and what combination of treatment
should be recommended. In an effort to help guide clinicians
in their selection and application of treatment regimens, expert
opinions have been gathered in recommendations or guide-
lines. One of the main limitations of the guidelines is that
the effective diagnosis of metabolic bone disease is based on
histomorphometric analysis of the bone. This method, al-
though recognized as the “gold standard” for the diagnosis,
is very limited because it is invasive, requires expert analysis
of the bone histology, is costly, and hence, is difficult to apply
in large scale. Therefore, several studies have attempted to
establish a relationship between the type of bone disease with
serum biochemical markers. K/DIGO, KDOQI, and other or-
ganizations have suggested ranges of PTH levels to be
achieved in patients with CKD. Thus, K/DOQI [45] suggested
a PTH range of 150 to 300 ng/ml as the optimal limit to avoid
low or high turnover. Similarly, since the PTH levels may vary
with the different assays used in the clinic, KDIGO [1] in 2009
suggested a range between 2 and 9 times the highest normal
value for the PTH assay used, but very few studies have ad-
dressed this issue directly. Because bone turnover is a function
in large part of the degree of hyperparathyroidism, PTH levels
have traditionally been used as a surrogate indicator of bone
turnover. Intact PTH (iPTH) has been studied for the diagnosis
of bone turnover in dialysis patients, and together with serum
calcium, phosphorus, and total alkaline phosphatases or bone-
specific alkaline phosphatase (bALP), is frequently used to
guide the pharmacologic treatment of CKD-MBD.
Additional bone biomarkers have also been evaluated for their
predictive value in assessing renal osteodystrophy, but results
have been inconclusive. Furthermore, bone turnover cannot
be accurately predicted from PTH levels in a high proportion
of dialysis patients [73]. In a cross-sectional retrospective
study of 492 patients from four different countries, Sprague
et al. [74•] studied the accuracy of biochemical markers to
predict bone histopathology. PTH and alkaline phosphatase
allowed discrimination of low from non-low bone turnover,
and high from non-high bone turnover. The combination of
these two markers offered a minimal additional discrimina-
tion. Furthermore, the best PTH cutoff to discriminate low
from non-low bone turnover BFR/BS was 103.8 pg/ml,

whereas to discriminate high from non-high, it was
323.0 pg/ml. Similarly, the best cutoff for bALP was 33.1 U/
l for low from non-low turnover, and 42.1 U/l for high bone
turnover. These results indicate that iPTH, with some certain-
ty, can be used to discriminate low turnover from high turn-
over with PTH values consistent with the recommendations of
both K/DOQI and KDIGO [1, 45]. These results also provide
reasonable help with regard to the question of when to start
therapy and when to stop to treat high bone turnover disease in
dialysis patients. Therefore, PTH, although with limitations, is
to the present time the most accurate discriminator between
high and low bone turnover disease in patients in dialysis.
However, it should be pointed out that bone turnover is not
the only indicator of bone disease in these patients and that
other alterations important for bone strength have not been
evaluated with respect to bone markers.

In conclusion, multiple studies show a tight relationship
between SHPT and poor clinical outcomes, including bone
fragility, fracture, and cardiovascular morbidity and mortality,
as well as all-cause mortality. However, studies demonstrating
causality and clinical outcomes are still lacking. Therefore,
more randomized controlled trials directed toward answering
questions about SHPT and clinical outcomes are necessary in
the search of new therapeutic approaches. Indeed, SHPT is
complex and requires combined therapies for its management
and prevention, which include the control of phosphate and
calcium metabolism and the control of PTH levels directly.
Although many tools are available, no one by itself is enough
for an adequate management of the patient. But rather, com-
bined therapy and individualization of approaches are recom-
mended for better results.
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