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Abstract Hyperphosphataemia can be induced by three
main conditions: a massive acute phosphate load, a primary
increase in renal phosphate reabsorption, and an impaired
renal phosphate excretion due to acute or chronic renal
insufficiency. Renal excretion is so efficient in normal
subjects that balance can be maintained with only a mini-
mal rise in serum phosphorus concentration even for a
large phosphorus load. Therefore, acute hyperphosphata-
emia usually resolves within few hours if renal function is
intact. The most frequent cause of chronic hyperphosph-
ataemia is chronic renal failure. Hyperphosphataemia in
chronic kidney disease (CKD) is associated with increased
cardiovascular morbidity and mortality. Lowering the
phosphate load and maintaining serum phosphorus levels
within the normal range are considered important thera-
peutic goals to improve clinical outcomes in CKD patients.
Treatment consists of diminishing intestinal phosphate
absorption by a low phosphate diet and phosphate binders.
In CKD patients on dialysis an efficient dialysis removal of
phosphate should be ensured. Dietary restriction of phos-
phorus while maintaining adequate protein intake is not
sufficient to control serum phosphate levels in most CKD
patients; therefore, the prescription of a phosphate binder is
required. Aluminium-containing agents are efficient but no
longer widely used because of their toxicity. Calcium-
based salts are inexpensive, effective and most widely
used, but there is now concern about their association with
hypercalcaemia, parathyroid gland suppression, adynamic
bone disease, and vascular and extraosseous calcification.
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The average daily dose of calcium acetate or carbonate
prescribed in the randomised controlled trials to control
hyperphosphataemia in dialysis patients ranges between
1.2 and 2.3 g of elemental calcium. Such doses are greater
than the recommended dietary calcium intake and can lead
to a positive calcium balance. Although large amounts of
calcium salts should probably be avoided, modest doses
(<1l g of elemental calcium) may represent a reasonable
initial approach to reduced serum phosphorus levels. A
non-calcium-based binder can then be added when large
doses of binder are required. At present, there are three
types of non-calcium-based phosphate binders available:
sevelamer, lanthanum carbonate and magnesium salts.
Each of these compounds is as effective as calcium salts in
lowering serum phosphorus levels depending on an ade-
quate prescribed dose and adherence of the patient to
treatment. Sevelamer is the only non-calcium-containing
phosphate binder that does not have potential for systemic
accumulation and presents pleiotropic effects that may
impact on cardiovascular disease. In contrast, lanthanum
carbonate and magnesium salts are absorbed in the gut and
their route of excretion is biliary for lanthanum and urinary
for magnesium. There are insufficient data to establish the
comparative superiority of non-calcium binding agents
over calcium salts for such important patient-level out-
comes as all-cause mortality and cardiovascular end points.
Moreover, full adoption of sevelamer and lanthanum by
government drug reimbursement agencies in place of cal-
cium salts would lead to a large increase in health-care
expenditure. Therefore, the choice of phosphate binder
should be individualised, considering the clinical context,
the costs, and the individual tolerability the concomitant
effects on other parameters of mineral metabolism, such as
serum calcium and parathyroid hormone, besides those on
serum phosphorus.
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1 Introduction

The serum phosphorus concentration depends on dietary
phosphorus intake, intestinal absorption, bone turnover,
distribution of phosphorus into intracellular compartments
and renal phosphorus excretion. Dietary phosphorus is
adsorbed throughout the small intestine by a passive
paracellular transport and by a vitamin D-dependent active
transport through the sodium-dependent phosphate trans-
porter 2b (NPT2b) [1, 2]. The passive absorption is
nonsaturable, so that the greater the dietary intake, the
much higher is the net absorption. The vitamin D-depen-
dent absorption is of secondary importance and accounts
for about 20 % of total absorption under conditions of
normal phosphorus intake [3]. Overall, 60-80 % of dietary
phosphorus is adsorbed in the gut [4]. Given the relative
lack of regulation of intestinal phosphate absorption, the
kidney ultimately plays a key role in the regulation of
phosphate balance. Renal excretion is so efficient in normal
subjects that balance can be maintained with only a mini-
mal rise in serum phosphorus concentration even if
the dietary intake is increased up to 130 mmol/day (4,000
mg/day). The increase of renal phosphate excretion in
response to the increased dietary intake depends on the
inhibition of sodium-phosphate co-transporters 2a and 2c
(NPT2a and NPT2c) in the luminal membrane of renal tubules
that allow reabsorption of filtered phosphate [5, 6]. The inhi-
bition of sodium-phosphate co-transporters is mainly due to
the increased secretion of fibroblast growth factor 23
(FGF23), which is stimulated by the high dietary phos-
phorus intake [6-10]. FGF23 is secreted by osteocytes and
osteoblasts in response to oral phosphate loading or
increased serum 1,25-dihydroxyvitamin D levels [11].
High FGF23 levels in response to high phosphate intake
induce greater urinary fractional excretion of phosphate
and reduce the efficiency of phosphate absorption in the gut
by lowering 1,25-dihydroxyvitamin D levels [8—10], thus
preventing wide serum phosphorus fluctuations. The
increase in renal phosphate excretion in response to ele-
vated dietary intake can also be due to the stimulation of
parathyroid hormone (PTH) secretion by the fall in serum
ionised calcium induced by transient hyperphosphataemia.
PTH reduces expression of NPT2a and NPT2c in the
proximal renal tubules, thereby diminishing phosphate
reabsorption and increasing urinary phosphate excretion
[5, 6]. The kidney is able to excrete large amounts of
phosphorus, allowing only small increases in serum phos-
phorus concentrations when the intake is distributed over
the course of the day. If, however, an acute phosphate load
is given over several hours, transient hyperphosphataemia
will ensue. The diagnostic approach to hyperphosphata-
emia involves the identification of the reason that
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phosphate entry into the extracellular fluid exceeds the rate
at which it can be excreted.

2 Causes of Hyperphosphatemia

There are three general circumstances that can induce hy-
perphosphataemia: massive acute phosphate load, a pri-
mary increase in renal phosphate reabsorption and renal
failure.

2.1 Massive Acute Phosphate Load

Delivery of a large load of exogenous or endogenous
phosphate over a short time can overwhelm renal capacity
to excrete phosphate. Since phosphate is the major intra-
cellular anion, any cause of marked tissue breakdown can
lead to release of intracellular phosphate into the extra-
cellular fluid. Ingestion of phosphate-containing laxatives
such as the use of Fleet’s phospho-soda, for example, in
preparation for colonoscopy is a not uncommon cause of
severe exogenous hyperphosphataemia, which can lead to
toxic effects, such as acute phosphate nephropathy or death
[12—-16]. Patients with chronic renal failure and those
dehydrated are more susceptible to these complications.
Endogenous hyperphosphataemia can result from severe
tissue necrosis due to tumour lysis syndrome, rhabdomy-
olysis, and massive haemolysis or transfusion of stored
blood [17, 18]. Other causes of release of intracellular
phosphate into the extracellular fluid are lactic acidosis and
diabetic ketoacidosis [19]. Hyperphosphataemia can induce
potentially symptomatic hypocalcaemia because of cal-
cium-phosphate precipitation in the tissues. Thus, clinical
manifestation of acute hyperphosphataemia includes tetany
and seizures due to hypocalcaemia, soft tissue calcification
due calcium-phosphate precipitation and acute phosphate
nephropathy. Common metabolic complications of tumour
lysis syndrome are hyperkalaemia, hyperuricaemia (which
may lead to acute renal failure) and azotaemia due to
cytotoxic therapy-induced destruction of tumours charac-
terised by rapid cell turnover.

2.2 Increased Tubular Reabsorption of Phosphate

Hyperphosphataemia can result from reduced renal phos-
phate excretion due to a primary increase in proximal
phosphate reabsorption in patients with normal renal
function. Hyperphosphataemia with inappropriately low
fractional excretion of phosphate results mainly from
deficiency of PTH or FGF23 or resistance to their actions.
Hyperphosphataemia results from increased tubular reab-
sorption in the following conditions:
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2.2.1 Hypoparathyroidism

Either deficient PTH secretion or renal resistance to PTH
(pseudohypoparathyroidism) results in increased phosphate
reabsorption and leads to hyperphosphataemia. Hyper-
phosphataemia in hypoparathyroidism is associated with
hypocalcaemia caused by reduced bone resorption and
intestinal calcium absorption (due to the decrease of serum
calcitriol levels secondary to low PTH levels). Treatment
with calcium and active vitamin D (calcitriol) corrects
hypocalcaemia and lowers the serum phosphate concen-
tration. How this occurs is not fully clarified, but the
reduction of tubular phosphate reabsorption observed with
calcium and vitamin D therapy is likely to be induced by
the increase in FGF23 levels secondary to the elevation of
serum calcium and calcitriol concentrations [20].

2.2.2 Vitamin D Toxicity

Vitamin D increases intestinal absorption of both phosphate
and calcium. Vitamin D toxicity is generally characterised
by the increase of both serum phosphorus and calcium, and
low serum PTH levels. Hyperphosphataemia results from
both increased intestinal phosphate absorption and a
decrease in renal function induced by hypercalcaemia.

2.2.3 Familial Tumoral Calcinosis

Familial tumoral calcinosis is a rare disorder characterised
by hyperphosphataemia due to an increase in proximal
tubular phosphate transport, often in association with
increased serum calcitriol levels [21]. The underlying
defect first described was a mutation in the GALNT3 gene,
which encodes a glycosyltransferase [22]. Mutations
in FGF23 and Klotho genes have also been implicated
[23-25]. Mutations in either the GALNT3 or FGF23 gene
can lead to deficiency of circulating FGF23, which is a
promoter of renal phosphate excretion. Klotho is a cofactor
necessary for binding of FGF23 to its receptor [26, 27]. In
the kidney, Klotho is required to allow the phosphaturic
action of FGF23. Lack of FGF23 activity results in
hyperphosphataemia and elevated 1,25 dihydroxyvitamin
D levels. Serum calcium and PTH concentrations are
typically within the normal range in patients with familial
tumoral calcinosis. However, increased intestinal calcium
absorption due to increased calcitriol levels in concert
with hyperphosphataemia causes massive calcium and
phosphate deposition in the skin and subcutaneous tissues,
for which the disease is named [21, 28].

2.2.4 Acromegaly

Mild hyperphosphataemia occurs in some patients with
acromegaly and is due to direct stimulation of phosphate
reabsorption by growth hormone and insulin-like growth
factor 1 [29].

2.3 Renal Failure

Phosphate is freely filtered by the glomerulus, is mainly
reabsorbed in the proximal tubule (about 80-95 % of the
filtered load) and 5-20 % of the filtered phosphate is nor-
mally excreted in the urine. An acute or chronic reduction
in glomerular filtration rate (GFR) will initially diminish
phosphate filtration and excretion. Nevertheless, serum
phosphorus is maintained within the normal range even in
advanced renal failure by the decrease of proximal phos-
phate reabsorption under the influence of increased secre-
tion of PTH and FGF23 [30, 31]. However, when the GFR
falls below 20-25 mL/min, despite the maximal suppres-
sion of phosphate reabsorption, urinary excretion is not
usually able to counterbalance dietary phosphate intake. At
this time, hyperphosphataemia must occur to increase the
filtered load and re-establish phosphate balance.

2.4 Pseudohyperphosphataemia

Pseudohyperphosphataemia is a laboratory artefact caused
by colorimetric interference with analytical methods that
may occur in patients with hyperglobulinaemia (due to
multiple myeloma, Waldenstrom’s macroglobulinaemia or
monoclonal gammopathy), hyperlipidaemia, haemolysis
and hyperbilirubinaemia [32]. Other possible causes of
spurious hyperphosphataemia are therapy with liposomal
amphotericin B and blood sample contamination with
heparin or tissue plasminogen activator [33-35]. In these
situations, serum phosphorus can be determined accurately
by use of a different analyser [33].

3 Treatment of Hyperphosphataemia

The therapeutic approach differs in acute and chronic
hyperphosphataemia. Acute severe hyperphosphataemia, in
particular when associated with symptomatic hypocalca-
emia (tetany, seizures), can be life-threatening. An acute
phosphate load can be rapidly cleared if renal function is
normal, and hyperphosphataemia usually tends to resolve
within 6-12 h. Hyperphosphataemia can be treated by
increasing renal phosphate excretion with extracellular
volume expansion by saline infusion. A side effect of this
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treatment can be a further reduction of the serum calcium
concentration by dilution. Haemodialysis may be indicated
in hyperphosphataemic patients with symptomatic hypo-
calcaemia, particularly if renal function is impaired.

Treatment of chronic hyperphosphataemia consists of
dietary restriction of phosphate intake and reduction of
intestinal phosphate absorption using phosphate binder
agents. In hyperphosphataemic patients with normal renal
function, as in those affected by tumoral calcinosis, urinary
phosphate excretion can be increased by the chronic
administration of acetazolamide [36].

3.1 Treatment of Hyperphosphataemia of Chronic
Kidney Disease (CKD)

The overall phosphate balance is positive in patients with
CKD when the GFR falls below 20-25 mL/min and ther-
apeutic strategies are aimed at correcting this. The thera-
peutic strategy includes reducing phosphorus intake by
dietary modifications, reducing intestinal absorption using
phosphate-binders and, in patients with CKD on dialysis,
enhancing phosphate removal with more efficient dialysis
treatments.

3.1.1 Rationale for Controlling Hyperphosphataemia
and Target Serum Levels

Hyperphosphataemia is an important and inevitable clinical
manifestation of declining kidney function. The rationale
for controlling serum phosphorus is based on epidemio-
logical evidence suggesting that hyperphosphataemia is an
important risk factor not only for secondary hyperpara-
thyroidism but also for progression of renal failure,
development of cardiovascular disease and mortality
[37-41]. Serum phosphorus has been documented as an
independent predictor of mortality in both CKD stage 3-5
(patients with an estimated GFR below 60 mL/min/
1.73 m% and 5D (patients receiving dialysis) [39—41].
Hyperphosphataemia is associated with an increased risk of
vascular, valvular and other soft tissue calcification in
patients with CKD [38]. High serum phosphorus can
directly and indirectly increase PTH secretion and decrease
calcitriol synthesis, leading to the development of sec-
ondary hyperparathyroidism, bone abnormalities and
extraskeletal calcification [37, 42]. Although no direct
interventional evidence is available to show lowering
serum phosphorus can improve morbidity or mortality in
CKD patients, controlling serum phosphorus is widely
accepted as a biochemical endpoint with probable clinical
benefit, and the reduction of high serum phosphorus levels
is expected to improve not only bone disease but also
potentially reduce cardiovascular morbidity and mortality
in CKD patients.

A\ Adis

The more recent guidelines (better known as “Kidney
Disease Improving Global Outcome guidelines” or
“KDIGO guidelines”) [43] suggest maintaining serum
phosphorus in the normal range in patients with CKD
stages 3-5 and lowering elevated phosphorus levels toward
the normal range in patients with CKD stage 5D. In a
recent prospective observational cohort study, the reduc-
tion of serum phosphorus was associated with improved
outcomes, even in normophosphataemic patients [44].
Higher serum phosphorus levels, although within the nor-
mal range, were associated with a stepwise increase in
mortality in a large observational study on CKD stage 3—4
patients (average GFR 32 mL/min/1.73 m?) [45]. There-
fore, some authors have emphasised the importance of an
early and effective control of phosphate load in the early
stages of CKD before hyperphosphataemia develops to
prevent the increase in PTH and FGF23 and help maintain
near-normal phosphorus levels for longer as CKD pro-
gresses [46]. This early treatment has been suggested as a
means of potentially reducing the risk of development of
renal secondary hyperparathyroidism and all of the adverse
clinical consequences of poorly controlled mineral and
bone disorder in CKD [47].

The use of phosphate-restricted diets in combination
with oral phosphate binders has become a well-established
approach in the management of patients with CKD stages
3-5 (including CKD stage 5D), and this strategy has been
recommended by the recent guidelines, with appropriate
education and counselling to ensure adequate protein
intake and avoid extra-phosphate load from food additives
[43, 48, 49]. In CKD patients on dialysis an efficient
dialysis removal of phosphate should be ensured and, when
the usual dialysis prescription may be insufficient to sub-
stantially reduce phosphorus levels, the increase in fre-
quency or duration of dialysis should be considered [43].

The present review is mainly aimed to discuss the
therapeutic approach to hyperphosphataemia of chronic
renal failure using oral phosphate binders.

4 Oral Phosphate Binders: Comparative Efficacy,
Tolerability and Safety

A wide range of phosphate binders is currently available
for the treatment of hyperphosphataemia in CKD patients
(Table 1). These agents are generally divided into two
main classes: calcium-based binders (calcium carbonate
and acetate) and calcium-free binders (aluminium
hydroxide, lanthanum carbonate, magnesium carbonate,
sevelamer hydrochloride and sevelamer carbonate). Cur-
rent phosphate binders are all effective in lowering phos-
phorus, so the main considerations for selection should be
their other characteristics, including absorbability (ideally
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non-absorbed), adequate gastrointestinal tolerability, and
cost or cost-effectiveness. These characteristics depend on
the chemical properties of the compound.

Aluminium hydroxide is a potent phosphate binder, but
concern about skeletal, haematological and neurological
toxicity led to a preferential use of calcium salts (carbonate
and acetate) in the 1990s. The KDIGO guidelines recom-
mend avoiding the long-term use of aluminium-containing
phosphate binders in patients with CKD stages 3—5D [43].
The recommendations of the KDIGO guidelines for the
treatment of hyperphosphataemia in CKD patients are
summarised in Table 2.

4.1 Calcium Acetate and Calcium Carbonate

Calcium acetate and calcium carbonate are often consid-
ered current standard therapy, since they very effectively
lower serum phosphorus levels [43, 50-52], are well tol-
erated, inexpensive and readily available: they are conse-
quently often used as a benchmark in comparative clinical
studies. The use of calcium salts is generally associated
with higher serum calcium, more frequent episodes of
hypercalcaemia and lower serum PTH levels when

Table 1 Phosphate binder compounds

compared with the use of placebo or calcium-free phos-
phate binders [53]. A recent meta-analysis [53] that eval-
uated the randomised controlled trials of phosphate binders
in CKD patients showed no significant difference in end-
of-treatment serum phosphorus levels with calcium acetate
in comparison to calcium carbonate. Similarly, the inci-
dence of hypercalcaemia and the end-of-treatment PTH
levels were not different in patients treated with calcium
acetate compared to calcium carbonate, despite the lower
calcium content of calcium acetate (250 mg/g of elemental
calcium compared to 400 mg/g of calcium carbonate).
Moreover, the incidence of adverse gastrointestinal events
was not different using calcium carbonate or calcium
acetate [53]. Thus, these two calcium-containing binders
can be considered comparable for efficacy in control of
hyperphosphataemia, effects on mineral metabolism
parameters and tolerability. The average daily dose of
calcium acetate or carbonate prescribed in the randomised
controlled trials to control hyperphosphataemia in dialysis
patients ranged between 1.2 and 2.3 g of elemental calcium
[54-57]. Such doses are greater than the recommended
dietary calcium intake [58] and can lead to a positive
calcium balance [59-61], which can increase the risk of

Binder Mineral content Potential advantages Potential disadvantages
Aluminium From 100 to >200 mg per tablet Effective, inexpensive Risk of bone, haematological and
hydroxide neurological toxicity
Calcium 250 mg of elemental Ca per g Effective, inexpensive Risk of hypercalcaemia, calcium
acetate overload, PTH suppression,
adynamic bone disease,
extraskeletal calcification
Calcium 400 mg of elemental Ca per g Effective, inexpensive, readily available Risk of hypercalcaemia, calcium
carbonate overload, PTH suppression,
adynamic bone disease,
extraskeletal calcification
Magnesium 285 mg of elemental Mg per g Effective, inexpensive Risk of hypermagnesaemia and
carbonate hyperkalaemia; long-term effects
not known
Magnesium 60 mg of elemental Mg and 110 mg of Effective, less risk of calcium overload Risk of hypermagnesaemia; long-
carbonate/ elemental Ca per tablet (235 mg of compared to pure calcium-based binders term effects unknown
calcium Mg carbonate plus 435 mg of Ca
acetate acetate)
Sevelamer None Effective; no calcium or metal content; not Expensive
hydrochloride adsorbed; reduces LDL-cholesterol;
potential benefit on progression of vascular
calcification compared with calcium salts
Sevelamer None Effective; no calcium or metal content; not Expensive
carbonate adsorbed; reduces LDL-cholesterol;
assumed to have similar advantages as
sevelamer hydrochloride, with better control
of metabolic acidosis
Lanthanum 500, 750 and 1,000 mg of elemental  Effective Expensive; accumulation in bone;
carbonate lanthanum per tablet long-term clinical consequences

unknown

LDL low-density cholesterol, PTH parathyroid hormone
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Table 2 Treatment of hyperphosphataemia in CKD patients
according to the KDIGO clinical practice guidelines [43]

Recommendations Strength-
quality®
1. Use phosphate binders
CKD stage 3-5 2D
CKD stage 5D 2B
A. Choice of binder, consider: Not graded

CKD stage
Other derangements of mineral metabolism
Concomitant therapies
Side-effect profile
B. Calcium-based binders, restrict the dose in presence of

Persistent or recurrent hypercalcaemia 1B
Arterial calcification and or adynamic bone 2C
disease

C. Aluminium-containing binders
Avoid long-term use Not graded
2. Reduce dietary phosphate intake 2D

3. Increase dialysis removal of phosphate (CKD stage 2C
5D)

CKD, chronic kidney disease; stage 3-5, estimated glomerular fil-
tration rate below 60 mL/min/1.73 mz; stage 5D, patients on dialysis;
KDIGO, Kidney Disease Improving Global Outcomes

# Strength: grade of strength of recommendation: 1, strong; 2, weak;
quality: grade of quality of evidence; A, high; B, moderate; C, low; D,
very low

hypercalcaemia linked to low-turnover bone disease and
vascular calcification [62—65]. Thus, it is advisable to limit
calcium intake from phosphate binders to a maximum daily
amount of 1 g of elemental calcium. In particular, the
KDIGO guidelines recommend restricting the dose of
calcium-based phosphate binders in the presence of per-
sistent or recurrent hypercalcaemia, arterial calcification,
adynamic bone disease and/or persistently low serum PTH
levels (Table 2) [43]. In clinical practice, when large doses
of phosphate binders are required to control serum phos-
phorus, the combination of low doses of calcium acetate or
carbonate with a calcium-free phosphate binder seems to
be an effective and preferable approach compared to
monotherapy with calcium salts to control hyperphosph-
ataemia, while avoiding calcium overload [66, 67].

4.2 Sevelamer Hydrochloride and Carbonate

Sevelamer, a polymeric amine, is the only non-absorbable
oral phosphate binder currently available to control
hyperphosphataemia [43, 68, 69]. It has the advantage of
avoiding the risk related to accumulation in CKD patients,
which may be particularly important in anuric dialysis
patients. The first formulation of sevelamer to be approved
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was sevelamer hydrochloride, while sevelamer carbonate
became available only recently to lower serum phosphorus
while avoiding the risk of metabolic acidosis associated
with sevelamer hydrochloride [69]. Several studies have
documented that sevelamer hydrochloride effectively
lowers serum phosphorus [68, 70] and achieves a phos-
phate control comparable to calcium acetate and calcium
carbonate in haemodialysis patients [54-56, 70-72]. A
recent systematic review concluded that sevelamer signif-
icantly decreases the risk of hypercalcaemia compared with
calcium salts [53]. In most randomised studies, treatment
with sevelamer was associated with lower serum calcium
and higher serum PTH compared with calcium salts
[54-56, 70-72].

Sevelamer hydrochloride was documented to be as
effective as calcium acetate/magnesium carbonate combi-
nation in controlling serum phosphorus to a target level of
1.1-1.8 mmol/L (3.5-5.5 mg/dL) in a 24-week study [73].
The average serum phosphorus level achieved after
24 weeks was 1.7 mmol/L (5.27 mg/dL) in the calcium/
magnesium group (average dosage: calcium acetate 3 g/day
plus magnesium carbonate 1.6 g/day) in comparison with
1.8 mmol/L (5.5 mg/dL) in the sevelamer group (average
sevelamer dosage 6.4 g/day). No significant differences
in ionised serum calcium were seen between the groups.
PTH decreased during the course of the study in
both groups [from a mean baseline level of 48 pmol/L
(450 pg/mL) to 36 pmol/L (337 pg/mL) in the calcium/
magnesium group and from 47 pmol/L. (439 pg/mL) to
41 pmol/L (384 pg/mL) in the sevelamer group], but the
decrease was more marked in the calcium/magnesium
group [73].

Sevelamer carbonate has shown comparable efficacy and
safety to sevelamer hydrochloride in dialysis patients [69,
74] and is indicated to lower serum phosphorus also in
hyperphosphataemic CKD stage 3-5 patients not on dialysis
[75]. Dose titration of sevelamer can help patients with
either CKD stages 3—5 or CKD stage 5D achieve a high rate
of phosphate control (Table 3). Delmez et al. [76] docu-
mented that about 70 % of haemodialysis patients treated
with sevelamer hydrochloride or sevelamer carbonate
maintained serum phosphorus levels within 1.1-1.8 mmol/L
(3.5-5.5 mg/dL) over 8 weeks of treatment. Fishbane et al.
[74] similarly reported that 64 % of haemodialysis patients
taking sevelamer hydrochloride thrice daily (mean daily
dose 9.1 g) and 54 % taking sevelamer carbonate powder
once daily (mean daily dose 9.2 g) were able to maintain
phosphorus levels of 1.1-1.8 mmol/L (3.5-5.5 mg/dL) after
24 weeks. Ketteler et al. [75] showed that 75 % of CKD
stage 4 and 70 % of CKD stage 5 patients had phosphorus
within 0.9-1.5 mmol/L (2.7-4.6 mg/dL) after 8 weeks
of sevelamer carbonate (mean ending prescribed dose 7.8
g/day).
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Navaneethan et al. [53] reported in their meta-analysis
that included all the randomised controlled trials published
until April 2009 a significantly higher incidence of gas-
trointestinal adverse events with sevelamer in comparison
to calcium salts. Gastrointestinal side effects reported with
sevelamer included vomiting, nausea, diarrhoea, dyspepsia,
abdominal bloating and constipation.

4.3 Lanthanum Carbonate

Lanthanum carbonate is a non-calcium-based phosphate
binder supplied as a chewable tablet of three dosage
strengths (500, 750 and 1,000 mg of elemental lanthanum)
that has been shown to be effective in reducing phosphorus
in short-term clinical trials compared to placebo or previ-
ous phosphate-binder therapy in stage 3—4 CKD patients
and in patients on dialysis [77-80]. Sprague et al. [80]

Table 3 Proportion of patients achieving serum phosphorus targets
in various clinical trials using calcium-free phosphate binders

Study CKD No. Weeks %  Target levels
patients (mmol/L)
Sevelamer
Delmez et al. Dialysis 79 8 71" 1.13-1.78
2007 [76]
Fishbane et al. Dialysis 72 24 64> 1.13-1.78
2010 [74]
Fishbane et al. Dialysis 141 24 54¢ 1.13-1.78
2010 [74]
Ketteler et al. Stage 4 16 8 75¢ 0.9-1.5
2008 [75]
Ketteler et al. Stage 5 30 8 704 1.13-1.78
2008 [75]
Lanthanum carbonate
Sprague et al. Stage 80 8 45 <1.15
2009 [80] 34
Hutchison et al.  Dialysis 507 25 65 1.13-1.78
2005 [77]
Hutchison et al.  Dialysis 367 12 48 1.13-1.78
2008 [78]
Mehrotra et al.  Dialysis 513 4 54 1.13-1.78
2008 [79]
Magnesium salts
Spiegel et al. Dialysis 20 4 70 1.13-1.78
2007 [93]°
Tzanakis et al. Dialysis 25 26 73 1.13-1.78
2008 [92]'

* Sevelamer hydrochloride

® Sevelamer hydrochloride tablets, three times daily

¢ Sevelamer carbonate powder, once daily
4 Sevelamer carbonate
¢ Magnesium carbonate associated with calcium carbonate

Magnesium carbonate

showed that 44.6 % of CKD stage 3—4 patients achieved
phosphorus <1.5 mmol/L (<4.6 mg/dL) after 8 weeks
(mean dose dosage of lanthanum carbonate 2,645 mg/day)
compared to 26.5 % in the placebo group (not statistically
different). Serum phosphorus levels below 1.8 mmol/L
(<5.5 mg/dL) were achieved in 48-65 % of dialysis
patients during short-term clinical trials using median
doses of about 3 g/day [70-72] (Table 3). In a longer term
study in dialysis patients, 46 % of patients in the lanthanum
carbonate group (maximum daily dose of 3,000 mg ele-
mental lanthanum) achieved control of serum phosphorus
levels [<1.9 mmol/L (<5.9 mg/dL)] compared with 49 %
in the standard therapy group (p = NS) after 2 years of
treatment [81]. However, there was a higher frequency of
hypercalcaemia (20.2 vs. 0.4 %) and suppressed PTH
levels in the calcium carbonate group compared with that
in those receiving lanthanum carbonate therapy [81]. In
another study, the long-term use of lanthanum carbonate
(up to 3 years) was shown to maintain stable phosphorus
levels similar to those with calcium salts or pre-existing
phosphate binders [82]. Thus, lanthanum carbonate can be
considered as effective as calcium carbonate in controlling
serum phosphorus in either haemodialysis or peritoneal
dialysis patients [81-83]. However, dropouts due to
adverse events were higher in the lanthanum arm (14 %)
than in the arm using other binders (5 %) [81]. Findings
from a meta-analysis showed that, compared with calcium-
based agents, lanthanum significantly decreased end-of-
treatment serum calcium and calcium-phosphorus product
levels, but with similar end-of-treatment phosphorus levels
[53]. While most data on lanthanum carbonate and sevel-
amer reported that both have comparable efficacy to cal-
cium-based binders, their efficacy in lowering serum
phosphorus was directly compared in only two randomised
studies [84, 85]. The primary analysis of the study of
Sprague et al. [84] showed a significant and comparable
reduction of serum phosphorus of about 0.5 mmol/L
(1.5 mg/dL) after 4 weeks of treatment with either fixed
doses of lanthanum (2,250-3,000 mg/day) or sevelamer
hydrochloride (4,800-6,400 mg/day). Kasai et al. [85]
showed that lanthanum (945 mg/day on average) or
sevelamer hydrochloride (2,971 mg/day on average) were
similarly effective in controlling serum calcium and
phosphate levels in 42 Japanese dialysis patients. The
number of pills prescribed to control serum phosphorus
was lower in the lanthanum group.

The reduction of tablet burden with the use of lantha-
num carbonate tablets with higher dosage strengths was
documented as an effective measure to achieved a better
control of serum phosphorus in nonresponders [79].
Moreover, patients and physicians reported significantly
higher levels of satisfaction with lanthanum compared with
previous phosphate binders due mainly to the reduced
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tablet burden (using higher dosage strengths) required to
obtain serum phosphorus control [79]. Therefore, the
reduction of pill burden could be a way to improve
adherence to therapy in CKD patients.

Lanthanum carbonate treatment may be associated with
some gastrointestinal side effects [77, 82, 83]. The relative
risk of gastrointestinal adverse events in the randomised
trials was not different with lanthanum carbonate in com-
parison to placebo or calcium carbonate [53]. Experimental
data have shown that lanthanum accumulates in tissues,
such as liver, brain and bone [86, 87]. However, long-term
studies have found no evidence of liver, bone or central
nervous system toxicity after 1-3 years of lanthanum
treatment [81]. No clinically relevant safety concern was
documented in a small select number of dialysis patients
treated for up to 6 years [82]. Lanthanum use has been
shown to substantially increase plasma lanthanum levels in
dialysis patients compared with calcium use over 1 year,
with plasma levels decreasing significantly over the sub-
sequent 2-year period following discontinuation [87]. In
the same group of patients, the bone content of lanthanum
increased significantly over 1 year of treatment and
remained similarly elevated for 2 years following discon-
tinuation. This finding suggests that the removal of lan-
thanum from bone occurs very slowly after discontinuation
of therapy. Even though lanthanum bone accumulation was
not associated with suppression of bone turnover [86], the
long-term impact of lanthanum accumulation on bone
health is still unknown, since bone biopsy data on a large
number of patients following long-term treatment with
lanthanum carbonate are lacking. Indeed, past experience
with aluminium hydroxide suggests caution in the use of
any binder because it is likely to accumulate in the pres-
ence of impaired renal function.

4.4 Magnesium Salts

Magnesium-based phosphate binders have been used since
the mid-1980s and were initially introduced to replace
aluminium-containing binders. Magnesium hydroxide is
effective in lowering serum phosphorus [88, 89] but the
administration of large doses (2-3 g/day) has been com-
plicated by side effects, such as diarrhoea and hyperkala-
emia [98], which have limited the widespread use as a
phosphate binder. Magnesium carbonate is better tolerated
than magnesium hydroxide, and it was studied in the 1990s
to reduce the intake of calcium as a phosphate binder. In a
crossover-designed study in haemodialysis patients, mag-
nesium carbonate was added at a starting dose of 750
mg/day (214 mg elemental magnesium) and calcium car-
bonate was reduced by 50 % [90]. The magnesium dose
was up-titrated to achieve a phosphorus level below
1.9 mmol/L (6 mg/dL), and the dialysate magnesium was
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decreased from 0.75 mmol/L (1.5 mEq/L) to 0.25 mmol/L
(0.5 mEg/L). Overall, phosphorus was well controlled
without an increase in serum magnesium concentrations
[90]. However, magnesium-based phosphate binders have
not been widely adopted since calcium therapy was per-
ceived to be more than adequate and effective.

Recently, magnesium has received renewed interest as
an alternative to calcium for its potential beneficial effects
on bone health and vascular processes in CKD patients
[91]. Several magnesium-containing regimens have been
investigated in a limited number of small clinical studies.
Tzanakis et al. [92], in a 6-month randomised study, doc-
umented that magnesium carbonate (mean daily dose of
1,552 mg, range 750-2,250) was able to reduced serum
phosphorus as effectively as calcium carbonate (2,839 mg/day,
range 1,260-3,780), while the development of hypermag-
nesaemia was prevented by decreasing the dialysate magne-
sium concentration to 0.3 mmol/L (0.6 mEqg/L).

Spiegel et al. [93] reported an effective phosphate con-
trol with combinations of magnesium carbonate and cal-
cium carbonate. In this randomised trial magnesium
carbonate associated with calcium carbonate was as
effective as calcium acetate in lowering serum phosphorus
in haemodialysis patients on a standard 0.375 mmol/L
(0.75 mEqg/L) magnesium bath, while the net calcium
ingestion was significantly less (on average 908 vs.
1,743 mg/day) in the magnesium-treated group [93]. The
percentage of patients achieving the serum phosphorus
target was higher in the magnesium group (70.6 vs.
62.5 %). The serum magnesium did increase in the mag-
nesium-treated group, although it was well tolerated.

A formulation of magnesium carbonate and calcium
acetate (film-coated tablets containing calcium acetate
435 mg and magnesium carbonate 235 mg) was recently
authorised for use as a phosphate binder. In a randomised
24-week trial in 204 patients dialysed against a 0.5 mmol/L
magnesium dialysate, magnesium carbonate/calcium ace-
tate was compared to sevelamer hydrochloride. Phosphorus
control was overall no inferior in the magnesium group
[1.70 &£ 0.5 mmol/L (5.3 £ 1.5 mg/dL) vs. 1.77 £ 0.6
mmol/L (5.5 £ 1.9 mg/dL)] [73]. Although the serum
magnesium [1.3 £ 0.25 vs. 1.0 & 0.18 mmol/L (3.15 £ 0.6
vs. 2.5+ 04 mg/dL), p <0.001] and serum potassium
(5.8 £ 0.8vs.5.4 £ 0.8 mmol/L,p < 0.001) atthe end of the
study were higher in the magnesium carbonate/calcium ace-
tate group, the medication was well tolerated without serious
short-term adverse events, and the number of patients with
adverse events was comparable in both treatment groups.
Average daily study medication intake was slightly but
significantly higher in the sevelamer group at week 25 (8.1 vs.
7.3 pills).

Another agent in development is iron—magnesium
hydroxycarbonate, which can also provide good phosphate
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control and is generally well tolerated [94]. In a double-
blind, three-arm, parallel-group study comparing two doses
of iron-magnesium hydrocarbonate (fermagate) (1 g three
times daily or 2 g three times daily with placebo) a sig-
nificant and dose-dependent reduction in the serum phos-
phorus level was observed [from a mean baseline
phosphorus level of 2.15 mmol/L (6.7 mg/dL) to a mean
phosphorus level of 1.7 and 1.5 mmol/L (5.2 and 4.6 mg/dL),
respectively] [94]. The 1-g dose was well tolerated, while the
2-g dose resulted in a statistically higher number of adverse
events (mainly gastrointestinal side effects) resulting in drug
discontinuation [94].

Although several studies have shown that magnesium
carbonate is generally well tolerated, further large studies
are needed to establish the efficacy and safety of magne-
sium in CKD and, probably, to re-evaluate its appropriate
concentration in haemodialysis and continuous ambulatory
peritoneal dialysis fluids [91, 92, 95]. Hypermagnesaemia
is not typically a major issue as it can be readily mitigated
through dialysis. There is, however, a lack of clinical data
on longer term effects of chronic magnesium elevation. It
has been documented that magnesium accumulates in bone
in dialysis patients, and this may contribute to minerali-
sation defects and osteomalacia [96, 97]. Moreover, the
suppressive effect of magnesium on PTH could promote
the development of low-turnover bone disease [95].

5 Patient-Level Outcomes with Phosphate Binders

Even though numerous epidemiological data have shown a
positive association, although not a causal link, between
higher serum phosphorus levels and the relative risk of
mortality, independent of CKD stage [38—41, 43], the
benefits of lowering serum phosphorus values for patient-
level clinical outcomes (for example, hospitalisation, bone
fracture, cardiovascular events and mortality) have not yet
been studied. However, several randomised studies have
compared the effects of different phosphate binders on
mortality or surrogate markers of cardiovascular disease,
such as the progression of vascular calcification. In these
comparative clinical studies calcium carbonate and/or
calcium acetate are generally used as reference binder
therapy.

5.1 Sevelamer Hydrochloride and Carbonate

Six randomised clinical trials have been conducted to
compare the progression of coronary calcification in CKD
patients treated with sevelamer hydrochloride or calcium
salts. Five studies, Treat to Goal (TTG) [54], Renagel in
New Dialysis (RIND) [55], Calcium Acetate-Renagel
Evaluation-2 (CARE-2) [56], Bone Relationship with

Inflammation and Coronary Calcification (BRiC) [57] and
a recent Japanese study [98], enrolled dialysis patients,
whereas the study of Russo et al. [99] included CKD
patients not on dialysis. In the CARE-2 study atorvastatin
was added to both arms as required to reach a comparable
low-density  lipoprotein  (LDL) cholesterol target
[<1.8 mmol/L (<70 mg/dL)] [56]. Four of these studies
showed a reduction of -calcification progression with
sevelamer [54, 55, 98, 99], and two of them did not [56, 57].
Russo et al. [99] showed differences in vascular calcifica-
tion progression in 90 CKD 3-5 patients randomised to
receive dietary phosphate restriction alone or dietary
phosphate restriction in association with calcium carbonate
or sevelamer as a phosphate binder. The highest progres-
sion of calcification was reported with dietary restriction
alone. The progression was moderate with calcium car-
bonate (2 g/day) and lower with sevelamer (1,600 mg/day).
Sevelamer hydrochloride and calcium carbonate were
equally effective in controlling serum phosphorus. At the
end of 2-year follow-up, there were no differences in the
mean levels of serum phosphorus [1.55 vs. 1.5 mmol/L
(4.8 vs. 4.7 mg/dL)], calcium [2.25 and 2.28 mmol/L (9.0
and 9.1 mg/dL)] and PTH [15 vs. 20 pmol/L (143 vs.
187 pg/mL)] between patients treated with sevelamer or
calcium carbonate [99]. The BRiC study was hampered by
several significant confounders, including small sample
size (49 patients randomised to calcium acetate and 52
patients to sevelamer), differences in baseline calcium
artery scores between the two study arms, the use of high
dialysate calcium concentrations (1.75 mmol/L) in most
patients, resulting in a positive calcium balance, and mul-
tiple interventions during the course of the study based on
bone biopsy results [57]. All the studies performed in
dialysis patients were affected by a high frequency of
dropouts (from 27 to 68 %) [54-57]. Moreover, the
enrolment of patients with a wide range of calcium score
might have affected the results, since the rate of progres-
sion of vascular calcification may depend on the amount of
vascular calcification present at the beginning of the ther-
apeutic intervention. Indeed, in a study of coronary artery
calcification in patients new to haemodialysis, vascular
calcification in incident patients with a zero coronary artery
calcium score at baseline did not progress at all over an
18-month treatment period with sevelamer or a calcium-
containing binder [55]. Taken together, the data on vas-
cular calcification overall are discrepant and considered of
low quality by the working group that drew up the KDIGO
guidelines [43].

Few studies have compared the effects of sevelamer and
calcium salts on bone health. Salusky et al. [100] did not
find differences between calcium and sevelamer-hydro-
chloride in bone turnover or mineralisation, and the same
number of children developed adynamic disease. Ferreira
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et al. [101], in a 54-week randomised study that enrolled
119 dialysis patients (68 patients underwent follow-up
bone biopsies after 1 year), reported that bone turnover
increased in the sevelamer group compared with that in
calcium-treated patients (p < 0.02). The turnover worsened
by becoming higher in 12 % of sevelamer and 3 % of
calcium groups; on the other hand, it worsened by
becoming lower (development of adynamic disease) in
17 % of calcium patients and 9 % of sevelamer patients.
Turnover improved in 26 % of calcium and 15 % of
sevelamer patients. Change in bone volume was almost the
same in both groups. The BRiC study showed no differ-
ences in bone remodelling between sevelamer or calcium
groups [57], although a selection and survival bias as well
as the use of lower dialysate calcium in patients with low
bone turnover may have contributed to this lack of differ-
ence between the treatment groups [57]. In summary, when
patients are considered as a group, only minor overall
changes in bone histology were documented in response to
sevelamer compared with calcium-containing phosphate
binders.

Several studies emphasised the pleiotropic effects of
sevelamer. Sevelamer consistently improves the lipid pro-
file by reducing the LDL-cholesterol levels compared with
calcium salts [54, 55, 57, 73]. It can also improve calcifi-
cation and inflammatory mediators including C-reactive
protein [102, 103], interleukin-6 [104] and fetuin-A, a
negative acute phase protein involved in bone remodelling
in the foetus, having an inhibitory function on calcium
phosphate deposition [104, 105]. A recent study has also
shown greater reductions in FGF23 with sevelamer com-
pared to calcium salts in patients with CKD stages 3—-5D
[106]. These pleiotropic actions of sevelamer might induce
beneficial effects in CKD patients in addition to those
arising from the reduction in serum phosphorus [107].

It was assumed that the potential benefits of sevelamer
on the bone and vascular axis, and its pleiotropic effects,
could translate into significant clinical benefits. This
hypothesis was initially supported by the results of the
RIND study, which showed a lower mortality rate in
patients new to dialysis treated with sevelamer compared
with that observed with calcium [55]. However, the Dial-
ysis Clinical Outcomes Revisited (DCOR) study found no
differences in mortality in the overall study population of
prevalent dialysis patients (2,103 patients randomised)
treated with sevelamer or calcium salts for 20 months on
average [108]. The lower mortality rates with sevelamer in
an elderly subgroup over 65 years and in those with at least
2 years’ follow-up suggest potential differences in clinical
outcomes between non-calcium and calcium-based phos-
phate binders [108]. However, further studies on a large
number of patients and with longer follow-up need to
confirm these impressions. A recent meta-analysis of

A\ Adis

cardiovascular mortality and coronary artery calcification
did not find differences between CKD patients treated with
calcium-based or non-calcium-based phosphate binders
[109]. Similarly, another systematic review showed that
there was no significant decrease in all-cause mortality or
hospitalisation in patients treated with sevelamer compared
with those treated with calcium-based agents [46]. On the
contrary, in a recent randomised, multicentre, non-blinded
pilot study that enrolled 212 CKD stage 3—4 patients, Di
ITorio et al. [110] documented a significantly lower mor-
tality rate in patients treated with sevelamer hydrochloride
(mean dose 2,184 mg/day) compared to that observed in
patients treated with calcium carbonate (mean dose
2,950 mg/day) over a 3-year follow-up. Patients treated
with sevelamer showed lower on-treatment average serum
phosphorus [1.4 vs. 1.5 mmol/L (4.37 vs. 4.72 mg/dL)],
LDL cholesterol [2.2 vs. 2.8 mmol/L (86 vs. 109 mg/dL)]
and PTH levels [22 vs. 34 pmol/L (209 vs. 317 pg/mL)],
and these effects may have accounted for at least part of the
difference in the all-cause mortality and composite end
point (mortality and dialysis start) [110]. Although this
pilot study has a number of shortcomings, including being
underpowered with an inadequate sample size to estimate
the difference in mortality, it might represent a valid aid for
designing a properly powered randomised controlled trial
to clearly demonstrate the potential beneficial effects of
sevelamer.

5.2 Lanthanum Carbonate

No prospective randomised study has been expressly
designed to assess the effects of lanthanum carbonate on
hard clinical outcomes. In the 2-year extension period of a
phase 3 randomised study that compared lanthanum car-
bonate to standard phosphate binder therapy in 1,354
dialysis patients, overall mortality was not different in the
lanthanum group and standard therapy group [111].
Recently, a randomised controlled pilot study has been
conducted to compare the effect of lanthanum carbonate
and calcium carbonate on the progression of vascular cal-
cification in 45 haemodialysis patients [112]. Lanthanum
carbonate was associated with a reduced progression of
aortic calcification compared with calcium carbonate over
18 months, but only 17 lanthanum carbonate patients and
13 calcium carbonate patients completed the study.

Three studies compared the effects of lanthanum car-
bonate with those of calcium carbonate on bone histo-
morphometry. In the study of D’Haese et al. [113], an
improvement in turnover was seen in 36-45 % of patients
receiving lanthanum and in 20-23 % of those receiving
calcium. The turnover worsened in 30 % with calcium
treatment (20 % developed adynamic disease) and in 12 %
with lanthanum treatment (6 % developed adynamic
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disease). Mineralisation changes were similar in both
treatment groups. Overall, the results favoured lanthanum
carbonate treatment. The study of Malluche et al. [114]
evaluated 2 years of treatment. Paired bone biopsy samples
for histomorphometric analysis were available at baseline
and at 1 year in 32 lanthanum carbonate-treated dialysis
patients and in 33 patients receiving standard care, and at
baseline and 2 years in 32 lanthanum carbonate-treated
patients and in 24 patients receiving standard phosphate
binder therapy. At 1 year, turnover worsened in 45 % of
the calcium group and in 42 % of the lanthanum group, and
improved in 3 % of the calcium group and in 12 % of the
lanthanum group. At 2 years, the turnover had worsened in
72 % of the calcium group (29 % decreasing toward ady-
namic lesions) and in 40 % of the lanthanum group (23 %
decreasing toward adynamic lesions), with improvement
being similar in both groups. Therefore, at 2 years, the
results showed a better turnover with lanthanum carbonate
treatment. Spasovski et al. [87] studied 20 new dialysis
patients randomly treated with lanthanum carbonate or
calcium salts. None of the lanthanum-treated patients
developed low bone turnover after 1 year of treatment, in
contrast to three patients developing adynamic bone dis-
ease in the calcium group [87]. In summary, the studies on
bone histology overall documented a lower risk of devel-
oping low-bone turnover with lanthanum carbonate com-
pared with calcium-containing phosphate binders.

5.3 Magnesium Salts

It has recently been hypothesised that magnesium-based
phosphate binders could reduce hyperphosphataemia and
improve vascular calcification, based on observational
studies that documented an inverse correlation between
serum magnesium levels, progression of vascular calcifi-
cation and mortality in dialysis patients [91, 95]. While
these observational studies suggest a theoretical benefit for
moderately high magnesium levels, such as those induced
by treatment with magnesium-based phosphate binders, so
far no large prospective studies have assessed the effects of
magnesium salts on vascular calcification and on cardio-
vascular morbidity and mortality in CKD patients.

6 Discussion and Conclusions

Hyperphosphataemia is an inevitable consequence of
advanced chronic renal failure and is present in the
majority of CKD patients on dialysis. Hyperphosphataemia
is an important risk factor for the development and pro-
gression of secondary hyperparathyroidism and is associ-
ated with increased cardiovascular morbidity and mortality
among CKD patients [37-41]. Lowering the phosphate

load and maintaining serum phosphorus levels within the
normal range are considered important therapeutic goals to
improve clinical outcomes in CKD patients [43, 46, 47].

The first therapeutic strategy to control serum phos-
phorus is dietary restriction of phosphate intake, including
phosphate-containing additives [43, 48, 49]. The limitation
of low-phosphate diets in dialysis patients is the risk of
lowering protein intake below the recommended intake of
1.2 g/kg/day and inducing protein malnutrition [115, 116].
The 2012 KDIGO guidelines suggest lowering protein
intake to 0.8 g/kg/day in CKD stage 4-5 patients [117].
The mean daily dietary protein intake in a large number of
CKD stage 3 and 4 patients was documented to be,
respectively, 1.22 and 1.13 g/kg of ideal body weight
[118], a value above the Institute of Medicine requirements
for healthy adults and the KDIGO recommendation for
CKD patients not on dialysis [117, 119]. Therefore, the
reduction of protein intake within the recommended
requirements in association with the restriction of those
protein sources with the highest phosphorus content can be
an effective measure to control serum phosphorus in
patients with advanced CKD not on dialysis. Indeed, a
randomised trial in 392 CKD stage 4-5 patients (mean
estimated GFR 18 mL/min) documented that a low-protein
diet (average protein intake of 0.72 g/kg/day) resulted in
mean serum phosphorus levels 0.1 mmol/L (0.32 mg/dL)
lower than a moderate protein diet (0.92 g/kg/day) and less
frequent need of phosphate binders [120]. However, the
proportion of patients adherent to protein prescription was
lower in the low-protein group [120]. A very-low-protein
diet supplemented with keto and amino acids was shown to
be effective in reducing serum phosphorus and was asso-
ciated with the use of fewer concurrent phosphate binders
in 53 CKD patients with an eGFR <30 mL/min/1.73 m?
[121]. However, a very-low-protein diet can hardly be
prescribed to the majority of patients. In patients with less
advanced CKD (stage 3), the reduction of dietary phos-
phorus intake significantly decreases urinary phosphate
excretion but has a modest effect on serum phosphorus
[122, 123].

In patients on dialysis, an efficient removal of phos-
phorus should be ensured, and the increase of duration or
frequency of dialysis treatment should be considered in
presence of persistent hyperphosphataemia [43]. However,
dietary restriction of phosphorus and current dialysis
modalities are not sufficiently effective to maintain serum
phosphorus levels within the recommended range so that
the majority of dialysis patients require treatment with oral
phosphate binders [43, 44, 124, 125].

Current phosphate binders are all effective in lowering
phosphorus, so the considerations to be made to select a
binder should be based on other characteristics, such as
absorbability, adequate gastrointestinal tolerability, and
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cost or cost-effectiveness. Calcium-based phosphate bind-
ers have good clinical efficacy, are inexpensive and are the
most widely used binders in clinical practice [124]. How-
ever, in patients with reduced or absent kidney function,
there is the risk of positive calcium balance [59-61],
hypercalcaemia [53], parathyroid gland suppression with
development of low bone turnover [93, 105], and vascular
and extraosseous calcification [55, 62-64]. Therefore, it is
advisable to reduce calcium intake from phosphate binders,
particularly in the presence of low PTH levels, a tendency
to develop hypercalcaemia, vascular calcification, use of
high calcium concentrations in the dialysate (>1.25 mmol/L)
and concomitant use of active vitamin D compounds
(calcitriol, paricalcitol) that increase the intestinal calcium
absorption [43, 59-61]. Although large doses of calcium
salts should probably be avoided, modest doses (<1 g of
elemental calcium) may be reasonable. Thus, the pre-
scription of low doses of calcium acetate or carbonate may
represent a reasonable initial approach to control serum
phosphorus in both non-dialysis and dialysis CKD patients.
Average daily calcium carbonate doses of 2-3 g
(800-1,200 mg of elemental calcium) are generally effec-
tive to control serum phosphorus in CKD stage 3-5
patients [99, 110]. However, larger dosages of calcium-
containing binders (1.2-2.5 g/day of elemental calcium)
are generally required to control hyperphosphataemia in
dialysis patients using monotherapy [44-57, 63, 66, 124,
125]. In patients requiring large doses of binders, the
addition of a non-calcium-based phosphate binder to low
doses of calcium salts may be useful to control hyper-
phosphataemia and minimise the risk of calcium overload
[66, 67, 125]. In clinical practice the combination of two
binders is common [124, 125] and probably allows a higher
tolerability and compliance compared to monotherapy [66].

Currently, three kinds of non-calcium-based phosphate
binders are commercially available: sevelamer, lanthanum
carbonate and magnesium salts. Each of these compounds
is effective in lowering serum phosphorus levels depending
on an adequate prescribed dose and adherence of the
patient to treatment. Sevelamer and lanthanum carbonate
can achieve appropriate serum phosphorus targets to
varying degrees in CKD patients. Recent studies of small
numbers of cases have shown that also magnesium salts
effectively reduce phosphorus levels (Table 3).

Another important aspect to be considered when
choosing a phosphate binder is long-term safety. Sevelamer
is the only non-calcium-containing phosphate binder that
does not have potential to cause systemic accumulation and
presents pleiotropic effects that may impact positively on
cardiovascular disease. In contrast, lanthanum carbonate
and magnesium salts are absorbed in the gut and their route
of excretion is biliary for lanthanum and urinary for mag-
nesium. Lanthanum is known to accumulate mainly in bone
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and liver, but, even if toxicity has not been documented so
far, the risk of long-term effects of chronic accumulation
have not yet been entirely established. There are also
limited data on the long-term effects of accumulation of
magnesium in bone.

Overall, there are insufficient data to establish the
superiority of non-calcium binding agents over calcium-
containing phosphate binders for such important patient-
level outcomes as all-cause mortality and cardiovascular
morbidity. Moreover, full adoption of sevelamer and lan-
thanum by government drug reimbursement agencies in
place of calcium salts would lead to a large increase in
health care expenditure [126]. Even assuming that sevel-
amer can be associated with a clinical benefit, Manns et al.
[126] documented that the cost per quality-adjusted life
years (QALY) gained for treating all dialysis patients with
sevelamer, compared with calcium-based phosphate bind-
ers, was too high and unattractive. Recently, Bernard et al.
[127] evaluated the cost-effectiveness of sevelamer com-
pared to calcium-based binders as the first-line treatment of
hyperphosphataemia in dialysis patients in the UK. Data on
hospitalisations, resource utilisation and survival were
derived from the DCOR study [108]. The use of sevelamer
resulted in a gain of 0.7 life years and 0.44 QALY. Total
per-patient costs were higher for sevelamer, resulting in an
incremental cost of £22,157 per QALY gained and £13,427
per life years gained. The incremental cost effectiveness
ratio (ICER) was £50,356 per QALY gained, a value non-
attractive from an economic point of view to propose
sevelamer as a first-line therapy. Assigning to lanthanum a
health gain similar to that of sevelamer, it can be roughly
estimated that the ICER for lanthanum is similarly high.

Thus, the choice of phosphate binder should be indi-
vidualised, considering the clinical context, the individual
tolerability (the use of phosphate binders is associated
with side effects, especially gastrointestinal, and generally
dose-dependent) and the concomitant effects on other
parameters of mineral metabolism besides those on serum
phosphorus (such as serum calcium and PTH). Calcium-based
binders should be considered as the preferred first-line option
because of their cost-effectiveness.

The compliance of patients to treatment is another
aspect to consider in the choice of a phosphate binder. A
not negligible proportion of dialysis patients have uncon-
trolled serum phosphorus because of poor adherence to
therapy [128-130]. Phosphate binders accounted for about
one-half of the daily pill burden [129, 130], and no
adherence to phosphate binders was reported to be greater
than that of other drugs, such as antihypertensive drugs
[128]. The percentage of patients considered adherent to
binder therapy ranges between 72 and 98 % in different
randomised trials [71, 73, 74, 77, 131]. The high pill bur-
den from phosphate binders may affect patients’ adherence
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to therapy and their ability to maintain optimal serum
phosphorus levels [128]. Educational strategies can also
help to improve the control of hyperphosphataemia in CKD
patients and should be one of the methods of improving
achievement of serum phosphate targets [132, 133].

The primary advantage for more recently developed
phosphate binders (lanthanum carbonate and sevelamer) is
a decrease in hypercalcaemia in CKD patients. Existing
trials using patient-focused end points are inadequate to
inform clinical recommendations for any phosphate binder,
and further research using a randomised controlled trial
design is required before advocating that newer agents are
superior to existing lower cost interventions. Trials of
direct comparisons between calcium salts, sevelamer and
lanthanum carbonate in CKD patients with primary out-
comes of all-cause and cardiovascular mortality, fractures,
hospitalisation and parathyroidectomy are desirable.
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