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Benefits and Harms of Phosphate Binders in CKD: A Systematic Review
of Randomized Controlled Trials

Sankar D. Navaneethan, MD, MPH, Suetonia C. Palmer, MBChB,
Jonathan C. Craig, MBChB, PhD, Grahame J. Elder, PhD, and

Giovanni F.M. Strippoli, MD, PhD, MPH, MM

Background: Phosphate binders are widely used to control serum phosphorus levels in patients with
chronic kidney disease (CKD). We analyzed the effects of phosphate binders on biochemical and
patient-level end points in patients with CKD.

Study Design: Systematic review and meta-analysis by searching MEDLINE (1966 to April 2009),
EMBASE (1980 to April 2009), and the Cochrane Renal Group Specialised Register and the Cochrane
Central Register of Controlled Trials (CENTRAL).

Setting & Population: Patients with CKD.
Selection Criteria for Studies: Randomized controlled trials.
Intervention: Phosphate binders.
Outcomes: Serum phosphorus, calcium, and parathyroid hormone levels; incidence of hypercalce-

mia; all-cause mortality; adverse effects.
Results: 40 trials (6,406 patients) were included. There was no significant decrease in all-cause mortality

(10 randomized controlled trials; 3,079 patients; relative risk [RR], 0.73; 95% confidence interval [CI], 0.46 to
1.16), hospitalization, or end-of-treatment serum calcium-phosphorus product levels with sevelamer com-
pared with calcium-based agents. There was a significant decrease in end-of-treatment phosphorus and
parathyroid hormone levels with calcium salts compared with sevelamer and a significant decrease in risk of
hypercalcemia (RR, 0.47; 95% CI, 0.36 to 0.62) with sevelamer compared with calcium-based agents. There
was a significant increase in risk of gastrointestinal adverse events with sevelamer in comparison to calcium
salts (RR, 1.39; 95% CI, 1.04 to 1.87). 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. Effects of calcium acetate on biochemical end points were similar to those of
calcium carbonate. Existing data are insufficient to conclude for a differential impact of any phosphate binder
on cardiovascular mortality or other patient-level outcome.

Limitations: Few long-term studies of the efficacy of phosphate binders on mortality and musculoskel-
etal morbidity, significant heterogeneity for many surrogate outcomes, and suboptimal reporting of study
methods to determine trial quality.

Conclusion: Currently, there are insufficient data to establish the comparative superiority of non–calcium-
binding agents over calcium-containing phosphate binders for such important patient-level outcomes as
all-cause mortality and cardiovascular end points. Additional trials are still required to examine the differential
effects of phosphate-binding agents on these end points and the mineral homeostasis pathway.
Am J Kidney Dis 54:619-637. © 2009 by the National Kidney Foundation, Inc.

INDEX WORDS: Phosphate binders; hyperphosphatemia; bone disease; calcification; chronic kidney
disease.
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he incidence of chronic kidney disease
(CKD) is increasing worldwide, with about

23 billion (6.6% of the Medicare budget) spent
n the care of patients with end-stage renal
isease in 2006 in the United States alone.1
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This review is excerpted from a Cochrane Review to be pub-
ished in The Cochrane Library (http://www3.interscience.
iley.com/cgi-bin/mrwhome/106568753/HOME). Co-
hrane Reviews are regularly updated as new evidence
merges in response to comments and criticisms, and The
ochrane Library should be consulted for the most recent

ersion of the review.

merican Journal of Kidney Diseases, Vol 54, No 4 (October), 200
orsening kidney function results in impaired
learance of the dietary phosphorus load,2 which
irectly and indirectly increases parathyroid hor-
one (PTH) secretion.2-4 Secondary hyperpara-

hyroidism is characterized by high bone turn-
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Navaneethan et al620
ver, exaggerated marrow fibrosis, and increased
usculoskeletal morbidity. Recently, epidemio-

ogical data have shifted the focus of altered
ineral metabolism in CKD from renal bone

isease to a broader recognition that hyperphos-
hatemia is associated with increased morbidity,
ortality, and hospitalization; reduced quality of

ife; and increased costs of care.5-7

Cardiovascular disease accounts for more
han half the deaths in dialysis patients,1 and
he development of vascular calcification of
he arterial media has been advocated as a
ajor contributing factor.8,9 Because abnor-
alities in mineral metabolism involve a para-

igm incorporating bone disease and vascular
nd soft-tissue calcification that have potential
ffects on fracture, cardiovascular outcomes,
nd mortality, the concept of CKD-mineral
nd bone disorder has been introduced. This
ondition is the target of several interventions,
ncluding phosphate binders, vitamin D ana-
ogues, and calcimimetics, all of which may
uppress the development or progression of
KD-mineral and bone disorder.10,11

Phosphate binders containing aluminum and
alcium have been used widely since 1970, and
he non–calcium- or aluminum-based agents,
evelamer hydrochloride and lanthanum carbon-
te, more recently have become available. Their
se is increasing in current practice, and al-
hough they are more expensive, the potential
ecrease in risk of vascular calcification and
oxicity advocates for broader adoption. For con-
rol of hyperphosphatemia, the National Kidney
oundation’s Kidney Disease Outcomes Quality
nitiative (NKF-KDOQI) recommends the use of
alcium-based binders in patients with CKD
tages 3 and 4 (glomerular filtration rate, 30 to 59
nd 15 to 29 mL/min/1.73 m2, respectively) and
oth calcium-based and calcium- and aluminum-
ree binders in patients with CKD stages 5 and
D (glomerular filtration rate � 15 mL/min/1.73
2 and dialysis).12 The relative merits of avail-

ble phosphate-binding agents are controver-
ial.13,14 We have conducted a systematic review
f the benefits and harms of phosphate binders
ompared with calcium salts or placebo to deter-
ine whether newer agents deliver improved

iochemical and patient-level outcomes, with

articular reference to musculoskeletal and car- t
iovascular morbidity, hospitalization, and mor-
ality.

METHODS

nclusionCriteria

Randomized controlled trials (RCTs) and quasi-RCTs
trials that use a method of allocating participants to differ-
nt forms of care that are not truly random, such as alloca-
ion by date of birth, alternate medical records, day of the
eek, or other forms of alternation) of phosphate binders in
eople with CKD, alone or in combination with other
onrandomized cointerventions (eg, vitamin D compounds),
ere included. Studies enrolling adult patients (age � 18
ears) with CKD stages 3 to 5 and 5D (dialysis) were
ncluded.

earch Strategy

RCTs of phosphate binders in patients with CKD were
earched in MEDLINE (1966 to April 2009), EMBASE
1980 to April 2009), and the Cochrane Renal Group Spe-
ialised Register and the Cochrane Central Register of
ontrolled Trials (CENTRAL) with optimally sensitive

earch strategies developed by the Cochrane Collaboration15

nd using relevant medical subject terms (Item S1, provided
s online supplementary material with this article at www.
jkd.org). Trials were considered without language restric-
ion. Titles and abstracts of search results were screened
ccording to inclusion criteria. Studies that did not meet
nclusion criteria (ie, animal studies, non-RCTs, and RCTs
f interventions that were not relevant to the review) were
xcluded.

ata Extraction,QualityAssessment, and
tatistical Analysis

We followed Cochrane methods and Quality of Reporting
f Meta-analyses (QUOROM) guidelines for conduct and
eporting of this systematic review.16 Two authors indepen-
ently assessed each trial, and data were extracted for
haracteristics of participants, interventions, comparisons,
nd the following outcomes when reported in trials: all-
ause mortality, cardiovascular mortality, nonfatal cardiovas-
ular events, vascular calcification by any imaging modality,
nd-of-treatment PTH concentration (intact PTH and PTH
-84 as reported in the studies), serum calcium (milligrams
er deciliter), serum phosphorus (milligrams per deciliter),
erum calcium-phosphorus product (Ca � P; milligrams
quared per deciliter squared), alkaline phosphatase (interna-
ional units per liter), serum bicarbonate (milliequivalents
er liter), total cholesterol (milligrams per deciliter), bone
ineral density, bone mineral content, bone histomorphom-

try, occurrence of hypercalcemia (defined as serum calcium
evel � 10.2 mg/dL or as defined by the study investigators),
nd treatment-related toxicity (gastrointestinal side effects).
nvestigators were contacted if data related to mortality and
evels of phosphorus, calcium, PTH, or Ca � P were not
vailable or not reported in the published reports.

The quality of RCTs was assessed by using a checklist

hat included allocation concealment; blinding of partici-

http://www.ajkd.org
http://www.ajkd.org
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Phosphate Binders in CKD 621
ants, investigators, outcome assessors, and data analysts;
se of intention-to-treat analyses; and completeness of follow-
p.17 Discrepancies between the 2 data extractors (S.D.N.
nd S.C.P.) were resolved by discussion with an arbitrator
G.F.M.S.). Dichotomous data were analyzed by using the
elative risk (RR) measure and its 95% confidence intervals
CIs). Risk estimates from individual trials were pooled by
sing the Der Simonian-Laird random-effects model.18 When
ontinuous measurements of outcomes were used, the
eighted mean difference (WMD) and its CI were computed
y using end-of-treatment values. Heterogeneity across in-
luded trials was analyzed by means of visual analysis of the
orest plot and formally using the heterogeneity �2 (Cochran
) statistic and the I2 statistic. Subgroup analyses were
erformed as applicable based on a predefined study proto-
ol and were reported when significant.19 Sources of hetero-
eneity to be explored in subgroup analyses were the follow-
ng: older versus newer phosphate-binding agents; baseline
TH levels; baseline phosphorus levels; type of calcium
ssay used in the study; use of washout of phosphate binder;
tudy duration; quality items, including allocation conceal-
ent, blinding, and use of intention-to-treat analysis; num-

er of patients lost to follow-up; and number of trial partici-
ants. Analyses were performed using Review Manager
RevMan) [Computer program]. Version 5.0. Copenhagen:
he Nordic Cochrane Centre, The Cochrane Collaboration,
008), and Comprehensive Meta-analysis version 2 (Biostat,
J, USA).

Figure 1. Literature search
ow diagram. Reasons for ex-
lusions and number of trials

eporting each outcome are
hown.
RESULTS

earchResults

The combined search of MEDLINE, EMBASE,
nd the Cochrane Library identified 2,381 cita-
ions, of which 2,298 were excluded after title
nd abstract review (Fig 1). Full-text assessment
f 83 potentially relevant articles identified 40
ligible trials reported in 46 publications and
nrolling 6,406 patients (Fig 1).20-65 Investiga-
ors of 19 trials were contacted for additional
nformation and clarification relating to study
ethods and additional unreported data, with 8

esponding.

rial Characteristics

Characteristics of participants and interven-
ions of the included trials are listed in Table 1.
hree different groups of trials were identified.
he first group of trials compared any calcium
alt with another calcium salt or placebo.20-31

even trials (307 patients) compared calcium
cetate with calcium carbonate,20,23-26,28,29 and



Table 1. Participant Characteristics and Interventions in Randomized Controlled Trials of Phosphate Binders in CKD

Study Type/Reference
Kidney

Disease Stage Intervention Cointervention
Dialysate Calcium

(mEq/L)/% Patients
No. of

Patients
Follow-up

(wk)

Calcium salt v other calcium
salt/placebo

Almirall et al,20 1994 HD Calcium acetate, 3.8 g/d, v calcium carbonate, 4 g/d Oral calcitriol NA 10 24
Bro et al,21 1998 HD Calcium ketoglutarate v calcium carbonate to achieve serum phosphorus �

5.3 mg/dL
Oral alfacalcidol 3.5/100 19 12

Birck et al,22 1999 HD Calcium ketoglutarate v calcium carbonate to achieve serum phosphorus �
5.3 mg/dL

NA 2.5/100 28 12

Borrego et al,23 2000 Predialysis Calcium acetate, 1.0 g/d, v calcium carbonate, 2.5 g/d NA 2.5-3.5/100 28 6
Caravaca et al,24 1992 HD Calcium acetate, 6.5 g/d, v calcium carbonate, 3.75 g/d None NA 80 16
Emmett et al,25 1991 HD Calcium acetate v calcium carbonate to achieve serum phosphorus of

4.5-5.5 g/dL
Oral or IV vitamin D 3.25/100 91 2

d’Almeida Filho et al,26

2000
HD Calcium acetate, 5.6 g/d, v calcium carbonate, 6.2 g/d None 3.0-3.5/100 52 4

Phelps et al,27 2002 Predialysis Calcium acetate, 2.0 g/d, v calcium acetate, 6.0 g/d NA 3.5/100 18 8
Pflanz et al,28 1994 HD Calcium acetate, 6.0 g/d, v calcium carbonate, 3.75 g/d None NA 31 6
Ring et al,29 1993 HD Calcium acetate, 3.8 g/d, v calcium carbonate, 4 g/d None 2.5/100 15 3
Rudnicki et al,30 1994* HD Calcium, 2.0 g/d, v placebo Oral vitamin D 3.5/100 18 24
Schaeffer et al,31 1991 HD Calcium acetate (6 g/d) v calcium acetate � calcitriol (4 �g, 2�/wk) v calcium

acetate � calcitriol (0.5 �g, 2�/wk) v aluminum hydroxide � calcitriol (4
�g, 2�/wk)

Oral calcitriol NA 47 7

Sevelamer v calcium salts
Barreto et al,32 2008 HD Sevelamer v calcium acetate or achieve serum phosphorus of 3.5-5.5 mg/dL IV vitamin D NA 101 52
Bleyer et al,33 1999 HD Sevelamer v calcium acetate to achieve serum phosphorus of 2.5-5.5 mg/dL Oral calcitriol 2.26-2.5/65

2.5-3.0/1.2
3.0-3.5/22.9

83 16

Block et al,34 2005 HD Sevelamer v calcium acetate or calcium carbonate to achieve serum
phosphorus � 6.5 mg/dL and serum calcium � 10.2 mg/dL

Oral or IV vitamin 2.5/100 129 72

Qunibi et al (CARE-2),35

2008
HD Sevelamer � atorvastatin v calcium acetate � atorvastatin to achieve serum

phosphorus of 3.5-5.5 mg/dL and LDL cholesterol � 70 mg/dL
NA 2.5/10 203 52

Chertow et al,36 1999 HD Sevelamer v sevelamer � calcium carbonate to achieve serum phosphorus
of 2.5-5.5 mg/dL

Oral or IV vitamin D 71 12

Chertow et al,37 2002 HD Sevelamer v calcium acetate or calcium carbonate to achieve serum
phosphorus of 3.0-5.0 mg/dL and calcium of 8.5-10.5 mg/dL

Oral or IV vitamin D NA 200 52

Suki et al (DCOR),38

2007
HD Sevelamer v calcium acetate or calcium carbonate NA NA 2,103 156

DeSanto et al,39 2006 HD Sevelamer v calcium carbonate NA NA 16 24

(Continued)
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Table 1 (Cont’d). Participant Characteristics and Interventions in Randomized Controlled Trials of Phosphate Binders in CKD

Study Type/Reference
Kidney

Disease Stage Intervention Cointervention
Dialysate Calcium

(mEq/L)/% Patients
No. of

Patients
Follow-up

(wk)

Evenepoel et al,40 2009 PD Sevelamer v calcium acetate to achieve serum phosphorus of 3.0-5.5 mg/dL IV vitamin D NA 143 12
Ferreira et al,41 2008 HD Sevelamer v calcium carbonate to achieve serum phosphorus of 3.2-5.0

mg/dL
IV vitamin D NA 91 52

Kingusa et al,42 2001 HD Sevelamer v calcium carbonate NA NA 230 8
Hervas et al,43 2003 HD Sevelamer v calcium acetate Oral or IV vitamin D 2.5/79

3.0/21
51 34

Koiwa et al,44 2005 HD Sevelamer, 6 g/d, v sevelamer, 3 g/d, � calcium carbonate, 3 g/d, v calcium
carbonate, 3 g/d

IV or oral calcitriol 3.0/100 86 8

Qunibi et al,45 2004 HD Sevelamer v calcium acetate to achieve serum phosphorus � 5.5 mg/dL IV vitamin D 2.5/100 98 8
Russo et al,46 2007 Predialysis Sevelamer, 1,600 mg/d, v calcium carbonate, 2 g/d, v low-phosphate diet

alone
NA NA 90 104

Sadek et al,47 2003 HD Sevelamer, 4.4 g/d, v calcium carbonate, 4.8 g/d IV vitamin D Varied 42 20
Shaheen et al,48 2004 HD Sevelamer v calcium carbonate to achieve serum phosphorus, 2.5-5.5 mg/dL Oral or IV vitamin D 3.5/100 20 8

Sevelamer v placebo
Chertow et al,49 1997 HD Sevelamer v placebo Oral or IV vitamin D NA 36 8

Lanthanum carbonate v
calcium salts

D’haese et al,50 2003 HD Lanthanum carbonate up to 3,750 mg/d v calcium carbonate up to 9,000 mg/d Oral or IV vitamin D NA 98 52
Hutchison et al,51 2003 HD Lanthanum carbonate v calcium carbonate to achieve serum phosphorus

� 5.58 mg/dL
Oral or IV vitamin D NA 800 20

Shigmetsu et al,52 2008 HD Lanthanum carbonate v calcium carbonate Oral or IV vitamin D 3.0/100 259 8
Spasovski et al,53 2006 HD Lanthanum carbonate v calcium carbonate Oral or IV vitamin D NA 24 104

Lanthanum carbonate v
placebo

Al-Baaj et al,54 2003 HD Lanthanum carbonate v placebo in patients with serum phosphorus of
4.03-5.58 mg/dL

Oral or IV vitamin D NA 36 4

Chiang et al,55 2005 HD Lanthanum carbonate, 375 mg-3.0 g/d, v placebo to achieve serum
phosphorus � 5.6 mg/dL

Oral or IV vitamin D NA 61 4

Finn et al,56 2004† HD Lanthanum carbonate v placebo to achieve serum phosphorus � 5.9 mg/dL NA NA 144 4
Joy et al,57 2003 HD Lanthanum carbonate v placebo to achieve serum phosphorus � 5.9 mg/dL Oral or IV vitamin D NA 93 4

Lanthanum carbonate v
others

Malluche et al,58 2008 HD Lanthanum carbonate v standard phosphate binder (sevelamer or calcium
salts) to achieve serum phosphorus � 5.9 mg/dL

Oral or IV vitamin D 2.5/100 211 104

Mehrotra et al,59 2008‡ HD Lanthanum carbonate, 3,000 v 3,750 v 4,500 mg/d NA NA 513 8

Abbreviations: CARE-2, Calcium Acetate Renagel Evaluation-2; DCOR, Dialysis Clinical Outcomes Revisited; IV, intravenous; NA, not available or not applicable or no data
available; HD, hemodialysis; LDL, low-density lipoprotein; PD, peritoneal dialysis.

*All patients were continued on aluminum-containing phosphate binders.
†This study analyzed the efficacy of various doses of lanthanum carbonate.
‡This study had a 4-month open-label extension.
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Navaneethan et al624
trials (47 patients) compared calcium ketoglu-
arate with calcium carbonate.21,22 One trial (18
atients) compared calcium acetate with pla-
ebo,30 and 2 trials (65 patients) compared differ-
nt doses of calcium acetate.27,31 Two studies
ncluded patients with CKD stages 3 and 4,23,27

nd the rest enrolled hemodialysis patients. Con-
omitant vitamin D analogues (intravenous or
ral) were administered in most of these studies.
The second group compared the efficacy of

evelamer hydrochloride against calcium salts or
lacebo.32-49 Five trials (476 patients) compared
evelamer with calcium acetate,32,33,40,43,45 6 tri-
ls (489 patients) compared sevelamer with cal-
ium carbonate,39,41,42,46-48 2 trials (157 patients)
ompared sevelamer directly with sevelamer and
alcium carbonate,36,44 3 trials (2,369 patients) com-
ared sevelamer with calcium acetate and cal-
ium carbonate,34,37,38 1 trial compared sevel-
mer plus atorvastatin with calcium acetate plus
torvastatin,35 and 1 trial (36 patients) compared
evelamer with placebo.49 All these trials were
erformed in patients on hemodialysis therapy,
nd oral or intravenous vitamin D compounds
ere used as cointervention in most patients.
The third group of trials (10 trials; 2,239

atients) compared lanthanum carbonate with
alcium carbonate (4 studies; 1,181 patients),50-53

anthanum carbonate with placebo (4 studies;
34 patients),54-57 different doses of lanthanum
arbonate, and lanthanum carbonate with stan-
ard phosphate binders (sevelamer and calcium
alts) in dialysis patients.58,59

The majority of trials included in this review
ere of short duration (1 to 18 months of treat-
ent administration), except for the Dialysis
linical Outcomes Revisited (DCOR) trial,38

hich analyzed the efficacy of phosphate binders
o decrease serum phosphorus levels, in which
2% of patients had follow-up longer than 24
onths. The number of participants ranged from

0 to 2,103, with 27 of 40 (67%) trials enrolling
ewer than 100 participants. Coadministration of
itamin D analogues and route of administration
f these agents varied among studies. Assays
sed to measure PTH also differed in the in-
luded studies. Most studies defined hypercalce-
ia as serum calcium level greater than 10.2
g/dL, whereas some used greater than 10.5
g/dL and some used greater than 11.0 mg/dL as

cutoff value to define hypercalcemia. c
rial Quality

According to current method standards for
eporting, trial quality was variable. Allocation
oncealment was adequate in 10 of 40 (25%)
rials and unclear in others. Participants and
nvestigators were blinded in 8 of 40 (20%)
rials, and outcome assessors were blinded in no
rial. Only 13 of the 40 (33%) trials were ana-
yzed on an intention-to-treat basis. Patients lost
o follow-up ranged from 0% to 31%, but did not
iffer between the treatment and control groups
f the trials.

rial Results

Patient-LevelOutcomes

All-cause Mortality. There was no significant
eduction in risk of all-cause mortality with cal-
ium acetate in comparison to calcium carbon-
te. Similarly, there was no significant reduction
n risk of all-cause mortality with sevelamer in
omparison to calcium salts (10 trials; 3,079
atients; RR, 0.73; 95% CI, 0.46 to 1.16; Fig 2);
ata for mortality primarily derive from 1 large
rial (DCOR).36 No deaths were reported in the
ncluded studies that compared lanthanum car-
onate with placebo or calcium carbonate; thus,
ortality could not be ascertained for this

omparison.
Hospitalization. Two trials reported hospitaliza-

ion details. However, these reports could not be
ooled because of differences in reporting meth-
ds. In 1 trial, the number of patients hospital-
zed within 52 weeks was reported, with no
ignificant difference in risk of hospitalization
etween sevelamer and calcium salts (P �
.15).37 In another trial, the number of days
ospitalized per patient-year was reported, with
o difference between sevelamer and calcium
alts for this outcome (P � 0.09).38

Hypercalcemia. There was no significant differ-
nce in risk of hypercalcemia with calcium ac-
tate in comparison to calcium carbonate (Table
). However, there was a significant decrease in
isk of hypercalcemia with sevelamer in compari-
on to calcium salts (RR, 0.47; 95% CI, 0.36 to
.62) and with lanthanum carbonate in compari-
on to calcium carbonate (RR, 0.08; 95% CI,
.02 to 0.32; Table 2).
Gastrointestinal Events. There was no signifi-
ant difference in risk of adverse gastrointestinal
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Phosphate Binders in CKD 625
vents with calcium acetate in comparison to
alcium carbonate or with lanthanum carbonate
n comparison to placebo or calcium carbonate
Table 2). However, there was a significant in-
rease in risk of gastrointestinal events with sevel-
mer in comparison to calcium salts (RR, 1.39;
5% CI, 1.04 to 1.87; Table 2). Gastrointestinal
ide effects reported with sevelamer included ab-
ominal bloating, diarrhea, and constipation.

Biochemical andOther SurrogateEndPoints

Serum Phosphorus. There was no significant
ifference in end-of-treatment serum phosphorus
evels with calcium acetate in comparison to
alcium carbonate or with lanthanum carbonate
n comparison to calcium carbonate (Fig 3).
here was a significantly greater end-of-treat-
ent serum phosphorus level with sevelamer in

omparison to calcium salts (WMD, 0.21 mg/dL;
5% CI, 0.01 to 0.41; Fig 3). There was a
ignificant decrease in end-of-treatment phospho-
us level with calcium in comparison to placebo
2 trials; 90 patients; WMD, �1.41 mg/dL; 95%
I, �2.52 to �0.29). Similarly, there was a

ignificant decrease in end-of-treatment phospho-
us level with sevelamer in comparison to pla-
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Figure 2. Effect of sevel-
mer compared with calcium
alts on all-cause mortality in
eople with chronic kidney dis-
ase. Abbreviation: CI, confi-
ence interval.
ebo (1 trial; 36 patients; WMD, �1.80 mg/dL; i
5% CI, �3.32 to �0.28). Combination treat-
ent with sevelamer and calcium carbonate had

o synergistic effect on serum phosphorus level
ompared with sevelamer alone (1 trial; 71 pa-
ients; WMD, �0.20 mg/dL; 95% CI, �1.14 to
.74).
Serum Calcium. There was no significant differ-

nce in end-of-treatment calcium level with cal-
ium acetate in comparison to calcium carbonate
Table 3). End-of-treatment calcium levels were
ignificantly lower with sevelamer compared with
alcium salts (WMD, �0.35 mg/dL; 95% CI,
0.46 to �0.24). Similarly, there was a signifi-

antly lower end-of-treatment calcium level with
anthanum carbonate in comparison to calcium
arbonate (WMD, �0.45 mg/dL; 95% CI, �0.64
o �0.25).
Serum PTH. There was no significant differ-

nce in end-of-treatment PTH level with calcium
cetate in comparison to calcium carbonate or
ith lanthanum carbonate compared with cal-

ium carbonate (Fig 4). There was a significantly
reater end-of-treatment PTH level with sevel-
mer compared with calcium salts (WMD, 55.57
g/mL; 95% CI, 26.69 to 84.45) and a decrease
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arbonate in comparison to placebo (WMD,
83.00 pg/mL; 95% CI, �154.63 to �11.37).
Ca � P. There was no significant difference in

nd-of-treatment Ca � P level with calcium
cetate in comparison to calcium carbonate and
evelamer in comparison to calcium salts (Table
). There was a significantly lower end-of-
reatment Ca � P level with lanthanum carbon-
te in comparison to placebo (WMD, �14.20
g2/dL2; 95% CI, �21.03 to �7.37) and with

anthanum carbonate in comparison to calcium
arbonate (WMD, �3.82 mg2/dL2; 95% CI,
7.47 to �0.16).
Serum Bicarbonate. There was no significant

ifference in end-of-treatment serum bicarbon-
te level between calcium acetate and calcium
arbonate. There was a significantly lower end-

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™

Table 2. Effect of Phosphate Binders on

Outcome Analyzed

No. of Studies
Reporting
Outcome

Treatment n/N v
Control n/N

alcium acetate v
calcium carbonate

Mortality 2 1/35 v 1/39
Hypercalcemia 2 6/41 v 10/47
Gastrointestinal toxicity 3 12/67 v 9/69
alcium salts v placebo
Mortality — —
Hypercalcemia — —
Gastrointestinal toxicity — —

evelamer hydrochloride
v calcium salts

Mortality 10 290/1,532 v 320/1,5
Hypercalcemia 10 54/503 v 120/457
Gastrointestinal toxicity 5 104/310 v 64/263

evelamer hydrochloride
v placebo

Mortality 1 0/24 v 0/12
Hypercalcemia — —
Gastrointestinal toxicity 2 2/48 v 2/24

anthanum carbonate v
calcium carbonate

Mortality 1 0/533 v 0/267
Hypercalcemia 3 12/705 v 116/446
Gastrointestinal toxicity 3 124/1,115 v 68/583

anthanum carbonate v
placebo

Mortality 2 0/79 v 0/75
Hypercalcemia — —
Gastrointestinal toxicity 2 10/79 v 9/75

Note: Gastrointestinal toxicity includes gastritis, diarrhea
xperimental intervention, and relative risk of 1 or higher fa
Figure 3. Effect of phosphate binders on end-of-treatment
idney disease. Conversion factor for phosphorus in mg/dL to mm
f-treatment serum bicarbonate level with sevel-
mer in comparison to calcium salts (WMD,
1.43 mEq/L; 95% CI, �2.07 to �0.79; Table 3).
Other Biochemical End Points. There was no sig-

ificant difference in end-of-treatment alkaline
hosphatase level with sevelamer in comparison
o calcium salts (Table 3). There was a significant
ifference in end-of-treatment total cholesterol
evel with sevelamer in comparison to calcium
alts (WMD, �20.55 mg/dL; 95% CI, �29.15 to
11.96; Table 3).
Vascular Calcification. Five studies reported the

ffects of sevelamer and calcium salts on vascu-
ar calcification32,34,35,37,41 (Table 4). One study
eported slower progression of coronary, aortic,
nd heart valve calcification (measured by using
lectron beam computed tomography) with use

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3

t-Level End Points in Patients With CKD

lative
Risk

95%
Confidence

Interval
Overall

P �2
P for

Heterogeneity I 2 (%)

1.13 0.07-17.30 0.9 — — —
1.08 0.11-10.99 0.9 2.46 0.1 59
1.26 0.61-2.60 0.5 0.92 0.9 0

— — — — — —
— — — — — —
— — — — — —

0.73 0.46-1.16 0.2 8.81 0.14 43
0.47 0.36-0.62 �0.001 8.10 0.4 1
1.39 1.04-1.87 0.03 6.95 0.4 0

— — — — — —
— — — — — —

0.54 0.08-3.45 0.5 0.79 0.4 0

— — — — — —
0.08 0.02-0.32 �0.001 8.92 0.01 78
1.09 0.84-1.41 — 1.16 0.6 0

— — — — — —
— — — — — —

1.05 0.45-2.45 0.9 0.30 0.6 0

gastrointestinal upset. Relative risk less than 1 favors the
e control intervention.
™™™™
Patien

Re

47

, and
serum phosphorus concentration in people with chronic
ol/L, �0.3229. Abbreviation: CI, confidence interval.



Phosphate Binders in CKD 627
Study Weight, % 95% CI

,ecnereffid naeM,ecnereffid naeMlortnoCtnemtaerT

95% CIMean SD Total Mean SD Total

Calcium acetate versus calcium carbonate

Heterogeneity: Tau² = 0.00; Chi² = 2.13, df = 4 (P = 0.71); I² = 0%

Test for overall effect: Z = 0.86 (P = 0.39)

Borrego 2000 4.8 0.9 7 4.6 0.9 9 22.7 0.20 [-0.69, 1.09]

Caravaca 1992 5.57 1.54 31 5.97 1.48 35 33.6 -0.40 [-1.13, 0.33]

Filho 2000 4.6 1.32 15 4.57 1.57 15 16.7 0.03 [-1.01, 1.07]

Pflanz 1994 4.67 2.01 11 5.57 1.54 12 8.3 -0.90 [-2.37, 0.57]

]42.0 ,16.0-[ 91.0-0.0015786)IC %59( latoT

Heterogeneity: Tau² = 0.62; Chi² = 24.80, df = 1 (P < 0.00001); I² = 96%

Test for overall effect: Z = 2.47 (P = 0.01)

Emmett 1991 6.0 0.28 36 7.96 0.37 36 51.6 -1.96 [-2.11, -1.81]

Rudnicki 1994 5.21 0.53 9 6.03 0.37 9 48.4 -0.82 [-1.24, -0.40]

]92.0- ,25.2-[ 14.1-0.0015454)IC %59( latoT

Calcium versus placebo

Sevelamer versus calcium acetate

Heterogeneity: Tau² = 0.28; Chi² = 23.79, df = 6 (P = 0.0006); I² = 75%

Test for overall effect: Z = 1.08 (P = 0.28)

Sevelamer versus calcium carbonate

Heterogeneity: Tau² = 0.00; Chi² = 2.60, df = 3 (P = 0.46); I² = 0%

Test for overall effect: Z = 2.40 (P = 0.02)

Sevelamer versus calcium salts (calcium acetate and calcium carbonate)

Heterogeneity: Tau² = 0.00; Chi² = 0.27, df = 2 (P = 0.87); I² = 0%

Test for overall effect: Z = 1.61 (P = 0.11)

Heterogeneity: Tau² = 0.07; Chi² = 30.37, df = 13 (P = 0.004); I² = 57%

Test for overall effect: Z = 2.04 (P = 0.04)

elbamitse toN511095.5511026.51002asugniK

Barreto 2008 5.29 0.92 41 5.78 0.92 30 9.1 -0.49 [-0.92, -0.06]

Bleyer 1999 6.4 1.7 40 5.9 1.7 40 5.0 0.50 [-0.25, 1.25]

CARE-2 2008 5.4 1.8 70 5.0 1.6 59 6.7 0.40 [-0.19, 0.99]

Evenepoel 2009 5.91 1.25 95 5.77 1.61 44 7.4 0.14 [-0.40, 0.68]

Qunibi 2004 6.8 1.6 50 5.5 1.5 48 6.4 1.30 [0.69, 1.91]

Russo 2007 4.8 0.9 27 4.7 1.5 28 6.0 0.10 [-0.55, 0.75]

]17.0 ,02.0-[ 52.03.54172143)IC %59( latotbuS

Ferreira 2008 5.4 1.4 33 5.3 1.9 35 4.6 0.10 [-0.69, 0.89]

Koiwa 2005 6.1 1.5 16 6.0 1.5 20 3.3 0.10 [-0.89, 1.09]

Sadek 2003 5.71 1.08 15 5.09 1.58 16 3.5 0.62 [-0.33, 1.57]

Shaheen 2004 5.7 1.2 20 4.9 0.7 20 6.5 0.80 [0.19, 1.41]

]88.0 ,90.0[ 84.09.71602991)IC %59( latotbuS

Chertow 2002 5.1 1.2 99 5.1 1.4 101 10.5 0.00 [-0.36, 0.36]
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]02.0 ,20.0-[ 90.08.63999699)IC %59( latotbuS

]14.0 ,10.0[ 12.00.00167416351)IC %59( latoT

Heterogeneity: Not applicable

Test for overall effect: Z = 2.32 (P = 0.02)

Chertow 1997 5.4 1.7 24 7.2 2.4 12 100.0 -1.80 [-3.32, -0.28]

]82.0- ,23.3-[ 08.1-0.0012142)IC %59( latoT

Block 2005 5.2 0.9 54 5.1 0.8 55 11.3 0.10 [-0.22, 0.42]

Sevelamer versus placebo

Heterogeneity: Tau² = 0.00; Chi² = 0.13, df = 1 (P = 0.72); I² = 0%

Test for overall effect: Z = 7.71 (P < 0.00001)

Chiang 2005 5.1 1.5 30 7.2 1.3 31 52.5 -2.10 [-2.81, -1.39]
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Lanthanum carbonate versus placebo
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D'Haese 2003 5.59 1.46 49 5.15 1.68 49 13.7 0.44 [-0.18, 1.06]
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Spasovski 2006 4.8 0.77 12 4.92 1.17 12 8.5 -0.12 [-0.91, 0.67]Spasovski 2006 4.8 0.77 12 4.92 1.17 12 8.5 -0.12 [-0.91, 0.67]

]63.0 ,01.0-[ 31.00.001823495)IC %59( latoT ]63.0 ,01.0-[ 31.00.001823495)IC %59( latoT

Hutchison 2005 5.31 1.43 533 5.21 1.93 267 77.8 0.10 [-0.16, 0.36]Hutchison 2005 5.31 1.43 533 5.21 1.93 267 77.8 0.10 [-0.16, 0.36]

Lanthanum carbonate versus calcium carbonate

Decrease in Increase in 

serum phosphorus 
in mg/dl

serum phosphorus 
in mg/dl

serum phosphorus 
in mg/dl

serum phosphorus 
in mg/dl
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f sevelamer in comparison to calcium acetate37

y using the Agatston scoring system. Similarly,
nother study showed decreased progression of
oronary artery calcification with sevelamer com-
ared with calcium salts in incident hemodialysis
atients34 (Table 4). In contrast, a third study
ompared sevelamer plus atorvastatin with cal-
ium acetate plus atorvastatin and reported simi-

Table 3. Effect of Phosphate Binders on

Outcome Analyzed

No. of
Studies

Reporting
Outcome

No. of
Patients

Weigh
Mea

Differe

alcium acetate v calcium
carbonate

Calcium (mg/dL) 5 143 �0.
Calcium-phosphorus

product (mg2/dL2) 2 31 �4.
Alkaline phosphatase (IU/L) 4 74 1.
Total cholesterol (mg/dL) — — —
Bicarbonate (mEq/L) 2 53 0.
alcium acetate v placebo
Calcium (mg/dL) — — —
Calcium-phosphorus

product (mg2/dL2) — — —
Alkaline phosphatase (IU/L) 1 18 �1.
Total cholesterol (mg/dl) — — —
Bicarbonate (mEq/L) — — —

evelamer v calcium salts
Calcium (mg/dL) 14 2,925 �0.
Calcium-phosphorus

product (mg2/dL2) 10 2,560 0.
Alkaline phosphatase (IU/L) 3 156 12.
Total cholesterol (mg/dL) 9 1,674 �20.
Bicarbonate (mEq/L) 5 381 �1.

evelamer acetate v placebo
Calcium (mg/dL) 1 36 �0.
Calcium-phosphorus

product (mg2/dL2) — — —
Alkaline phosphatase (IU/L) — — —
Total cholesterol (mg/dL) — — —
Bicarbonate (mEq/L) 1 36 �0.

anthanum carbonate v
calcium carbonate

Calcium (mg/dL) 3 922 �0.
Calcium-phosphorus

product (mg2/dL2) 2 898 �3.
Alkaline phosphatase (IU/L) 2 824 29.
Total cholesterol (mg/dL) — — —
Bicarbonate (mEq/L) — — —

anthanum carbonate v
placebo

Calcium (mg/dL) 1 93 0.
Calcium-phosphorus

product (mg2/dL2) 1 93 �14.
Alkaline phosphatase (IU/L) — — —
Total cholesterol (mg/dL) — — —
Bicarbonate (mEq/L) — — —

Note: Conversion factors for units: Calcium in mg/dL to m
icarbonate in mEq/L and mmol/L requires no conversion.
ar coronary artery calcification progression in n
oth groups.35 There also was a study that re-
orted coronary artery calcium scores in 101
ialysis patients (using a modified Agatston scor-
ng system) and reported no difference in coro-
ary artery calcification progression between the
evelamer and calcium groups (P � 0.59).32

ncluded studies used different scoring systems
o assess vascular calcification and thus could

emical End Points in Patients With CKD

95% Confidence
Interval

Overall
P �2

P for
Heterogeneity I 2 (%)

�0.35 to 0.17 0.5 5.0 0.3 19.9

10.03 to 0.19 0.06 3.26 0.07 69.7
�8.99 to 11.82 0.8 0.37 0.9 0

— — — — —
�1.32 to 1.74 0.8 1.24 0.3 19.3

— — — — —

— — — — —
22.33 to 20.33 — — — —

— — — — —
— — — — —

�0.46 to �0.24 �0.001 28.72 0.004 58.0

�1.02 to 2.24 0.5 13.24 0.2 32.0
10.79 to 35.51 0.3 1.35 0.5 0
29.15 to �11.96 �0.001 22.89 0.004 65
�2.07 to �0.79 �0.001 1.75 0.8 0

�0.52 to 0.32 0.6 — — —

— — — — —
— — — — —
— — — — —

�2.53 to 1.53 0.6 — — —

�0.64 to �0.25 �0.001 3.05 0.2 34.4

�7.47 to �0.16 0.04 3.07 0.08 67.4
2.28 to 55.74 0.03 2.04 0.2 51

— — — — —
— — — — —

0.04 to 0.66 0.02 — — —

21.03 to �7.37 �0.001 — — —
— — — — —
— — — — —
— — — — —

�0.2495; total cholesterol in mg/dL to mmol/L, �0.02586.
Bioch

ted
n
nce
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92 �
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0 �

35
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36 �
55 �
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Bone Outcomes. Lanthanum carbonate de-
reased the number of patients developing low-
urnover bone disease in comparison to calcium
arbonate53 and resulted in improvement in bone
olume in comparison to standard phosphate-
inder therapy58 (Table 4). Aluminum-like ef-
ects on bone were not noted in follow-up studies
hat assessed the safety of lanthanum carbon-
te.53 Based on electron beam computed tomo-

Study
lortnoCtnemtaerT

Sevelamer versus calcium salts (calcium acetate and calcium carbonate

Heterogeneity: Not applicable

Test for overall effect: Z = 1.99 (P = 0.05)

10108319904222002 wotrehC
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429729)IC %59( latotbuS
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97)IC %59( latoT

Calcium acetate versus calcium carbonate

Heterogeneity: Tau² = 859.19; Chi² = 2.35, df = 2 (P = 0.31); I² = 15%

Test for overall effect: Z = 1.56 (P = 0.12)

Barreto 2008 498 352 41 326 236 30

8408510501314002ibinuQ

Bleyer 1999 382 417 40 329 408 40

CARE-2 2008 434 359 70 316 212 59
Hervas 2003 330 205 18 346 250 22

991912)IC %59( latotbuS
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Heterogeneity: Tau² = 1003.48; Chi² = 5.05, df = 3 (P = 0.17); I² = 41%

Test for overall effect: Z = 1.87 (P = 0.06)

511074151103121002asugniK

DeSanto 2006 210 41 8 118 56 8

Koiwa 2005 194 163 16 171 139 20

Sadek 2003 239 168 15 199 198 16

Shaheen 2004 97 114 20 91 87 20

971471)IC %59( latotbuS
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Lanthanum versus calcium carbonate

Heterogeneity: Not applicable

Test for overall effect: Z = 1.51 (P = 0.13)

762335)IC %59( latoT

D'Haese 2003 251 239 533 221 273 267

Heterogeneity: Not applicable
Test for overall effect: Z = 2.27 (P = 0.02)

4494)IC %59( latoT

Lanthanum versus placebo

Joy 2003 209 152 49 292 195 44
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Figure 4. Effect of phosphate binders on end-of-treatm
hronic kidney disease. Parathyroid hormone in pg/mL a
nterval.
raphic results, 1 study reported a significant a
ecrease in trabecular bone attenuation and a
rend toward a decrease in cortical bone attenua-
ion (P � 0.05) in thoracic vertebrae with sevel-
mer compared with calcium salts.62 In another
tudy enrolling 101 dialysis patients, there was
o difference in bone remodeling between the
evelamer and calcium groups at the end of 1
ear of follow-up.31 Another study reported in-
reased bone formation and improved trabecular
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Table 4. Characteristics and Key Results of Studies Analyzing Effects of Various Phosphate Binders on Bone Densitometry, Bone Histomorphometry, and
Vascular Calcification

Reference Comparisons
Study

Duration (mo)
No. of

Participants Outcomes Analyzed Key Findings

Barreto et al,32 2008 Sevelamer v calcium acetate 12 101 (1) CAC scores using electron beam computed
tomography, (2) bone histomorphometry

CAC progression and bone remodeling did not differ
between the 2 groups

Block et al,34 2005 Sevelamer v calcium
carbonate � calcium
acetate

18 129 CAC scores by using electron beam computed
tomography

Calcium-containing phosphate binders increased CAC
scores compared with sevelamer (P � 0.01)

Chertow et al,37 2002 Sevelamer v calcium acetate 12 132 Vascular calcification scores* (Agatston
scores) using electron beam computed
tomography

Coronary, aortic, and valvular calcification progressed in
calcium-treated patients, but no significant progression
was noted in the sevelamer-treated group

Qunibi et al (CARE-2),35

2008
Sevelamer � atorvastatin v

calcium acetate �
atorvastatin

12 203 Vascular calcification scores (Agatston scores)
using electron beam computed tomography

Coronary calcification scores were similar in both groups

Raggi et al,62 2005† Sevelamer v calcium acetate 12 111 Thoracic vertebral bone attenuation using
electron beam computed tomography

Trabecular bone attenuation decreased significantly in
sevelamer-treated patients (P � 0.05)

Cortical bone attenuation did not decrease significantly with
sevelamer (P � 0.05)

Russo et al,46 2007 Sevelamer v calcium
carbonate v
low-phosphorus diet

24 90 CAC scores using electron beam computed
tomography

Sevelamer reduced the progression of CAC, whereas
calcium carbonate did not increase or decrease CAC
progression

D’Haese et al,50 2003 Lanthanum carbonate v
placebo

12 98 Bone histomorphometry analyzing:
(1) Development or improvement in various

types of renal osteodystrophy (adynamic
bone disease, osteomalacia, mixed renal
osteodystrophy, hyperparathyroidism)

(2) Lanthanum content in bone

(1) Prevalence of renal osteodystrophy decreased from
36% to 18% in the lanthanum carbonate group and
increased from 43% to 53% in calcium carbonate
patients

(2) Bone lanthanum levels were higher in lanthanum
carbonate than calcium carbonate patients

Phelps et al,27 2002 Calcium acetate, 2 g/d, v
calcium acetate, 6 g/d

18 24 BMD at lumbar spine, femoral neck, and
greater trochanter by using DEXA

No significant difference between treatment groups

Ferreira et al,41 2008 Sevelamer v calcium
carbonate

12 91 Mineralization lag time, changes in bone
turnover, development of osteomalacia,
adynamic bone disease

Bone formation and trabecular architecture increased with
sevelamer, with no changes in bone turnover or
mineralization

Malluche et al,58 2008 Lanthanum carbonate v
standard
phosphate-binder therapy

24 211 Bone histomorphometry analyzing changes in
bone turnover, mineralization, bone volume,
and lanthanum content in bone

Patients administered lanthanum carbonate had
improvement in bone turnover and bone volume

Abbreviations: BMD, bone mineral density; CAC, coronary artery calcification; CARE-2, Calcium Acetate Renagel Evaluation-2; DEXA, dual-energy X-ray absorptiometry.
*Agatston score was obtained by multiplying the area of calcified focus by a weighted density coefficient based on the peak density of the calcification noted on electron beam

computed tomography.
†Substudy of Chertow 2002.37
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Phosphate Binders in CKD 631
urnover or mineralization, with sevelamer in
omparison to calcium salts.41 A formal meta-
nalysis could not be performed for the inci-
ence of fracture because of insufficient data.

nvestigation for Sources ofHeterogeneity by
ubgroupAnalysis

Because heterogeneity was observed in many
nalyses, we explored the potential sources of
eterogeneity by using subgroup analysis (Table
). This was possible for trials comparing either
evelamer hydrochloride or lanthanum carbonate
ith calcium salts, whereas other treatment com-
arisons contained too few trials. Some covari-
tes, including measures of trial quality (blinding
nd intention-to-treat analysis), patient character-
stics (baseline PTH concentration), and study
haracteristics (study duration), were significant
ffect modifiers on some outcomes. However,
ata often were insufficient to allow definitive
onclusions to be drawn.

DISCUSSION

Our systematic review has identified a large
umber of RCTs that examine phosphate binders
n people with CKD. These trials have not shown
hat phosphate binders compared with placebo or
alcium salts compared with non–calcium- or
luminum-containing agents decrease all-cause
r cardiovascular mortality. As expected, all phos-
hate binders decreased serum phosphorus lev-
ls compared with placebo; however, newer
gents (lanthanum carbonate and sevelamer) did
ot result in consistently superior biochemical
utcomes compared with calcium-based thera-
ies. Rather, in direct comparisons (head-to-head
tudies), calcium salts were superior to sevel-
mer for reduction of serum phosphorus levels.
ompared with calcium salts, sevelamer and

anthanum carbonate were associated with sig-
ificantly lower rates of treatment-related hy-
ercalcemia, which may result in decreased vascu-
ar calcification. The differential effect on serum
alcium and phosphorus levels resulted in in-
reased PTH suppression by treatment with cal-
ium compared with sevelamer. The efficacy of
vailable phosphate-binding agents on the surro-
ate outcomes of bone mineral density or histo-
orphometry and vascular calcification have been
eported heterogeneously in few studies, and i
eliable conclusions could not be drawn through
eta-analysis.
Sevelamer was associated with lower serum

alcium, higher phosphorus, and higher PTH
evels at the end-of-treatment period compared
ith calcium salts. This may be caused by non-

ompliance, resulting in less phosphorus reduc-
ion with sevelamer, or because it is less effective
t the relative doses used. Various gastrointesti-
al adverse effects, such as constipation, abdomi-
al bloating, dyspepsia, nausea, and vomiting,
ere reported with sevelamer and calcium salts

n clinical trials. Although most individual stud-
es reported no significant difference in gastroin-
estinal side effects between sevelamer and calcium
alts, there was significantly greater occurrence
ith sevelamer when studies were pooled. This

lso might have contributed to lower compliance
nd higher pill burdens reported for sevelamer.
evelamer resulted in lower end-of-treatment
erum calcium levels, which might have contrib-
ted to the greater PTH levels noted.
The DCOR Study, the largest trial (n � 2,103)

onducted to date, reported no difference in risk
f all-cause mortality between sevelamer and
alcium salts,38 except for a subgroup analysis in
atients older than 65 years who completed a
-year follow-up. Because of the size of this
tudy, DCOR was very influential and contrib-
ted 46% of the weight in our all-cause mortality
nalysis. Exclusion of this study resulted in a
imilar, but smaller, risk of all-cause mortality
RR, 0.59 [95% CI, 0.35 to 1.01] versus RR, 0.75
95% CI, 0.48 to 1.16]). Given the limitations of
he analysis by Suki et al,38 we also conducted a
ensitivity analysis using data from St Peters et
l,66 who used Centers for Medicare & Medicaid
ervices claims data to reassess the DCOR trial
esults. The risk of all-cause mortality was un-
hanged (RR, 0.75; 95% CI, 0.56 to 1.33) by
sing these data.
The occurrence, progression, and prognostic

mportance of vascular calcification are impor-
ant questions in CKD, and the influence of
alcium-based binders on progression of vascu-
ar calcification is a matter of intense debate.67-70

wo studies in the present analysis reported a
reater rate of progression of vascular calcifica-
ion with calcium salts compared with sevel-
mer,34,37 whereas 1 study showed no difference

n calcium scores between sevelamer and cal-



Table 5. Subgroup Analyses to Explore Reasons for Heterogeneity in Trials Comparing Newer Agents With Older Phosphate-Binding Agents

Variables

All-Cause Mortality Treatment-Related Hypercalcemia End-of-Treatment PTH (pg/mL)
End-of-Treatment Serum Phosphorus

(mg/dL)

Relative Risk (95% CI)/
No. of Trials P

Relative Risk (95% CI)/
No. of Trials P

Weighted Mean Difference
(95% CI)/No. of Trials P

Weighted Mean Difference
(95% CI)/No. of Trials P

Older v newer agents 0.8 0.1 0.8 0.2
Sevelamer & lanthanum v calcium carbonate 0.75 (0.39 to 1.44)/4 0.45 (0.28 to 0.73)/5 51.72 (17.66 to 85.78)/5 0.09 (�0.06 to 0.25)/10
Sevelamer & lanthanum v calcium acetate 0.64 (0.21 to 1.94)/2 0.20 (0.07 to 0.50)/6 62.02 (�21.97 to 146.03)/3 0.41 (0.00 to 0.82)/6

Baseline PTH (pg/mL) 0.6 <0.001 0.2 0.5
�150 — 0.02 (0.00 to 0.08)/1 — 0.10 (�0.13 to 0.33)/1
150-300 0.44 (0.04 to 4.3)/2 0.30 (0.16 to 0.56)/5 42.53 (8.26 to 76.81)/8 0.11 (�0.19 to 0.43)/7
�300 0.81 (0.48 to 1.37)/4 0.42 (0.16 to 0.54)/5 118.00 (8.18 to 218.0)/1 0.31 (0.02 to 0.60)/8

Type of calcium assay 0.04 0.7 0.4 0.4
Corrected calcium 0.56 (0.29 to 1.07)/4 0.25 (0.11 to 0.55)/7 57.89 (24.55 to 91.24)/8 0.13 (�0.11 to 0.37)/9
Absolute calcium 1.12 (0.96 to 1.29)/2 0.31 (0.14 to 0.68)/4 26.58 (�10.70 to 63.86)/3 0.28 (0.01 to 0.54)/7
Ionized calcium — — — —

Washout of phosphate binder NA 0.8 0.2 0.8
Yes 0.75 (0.44 to 1.27)/5 0.27 (0.15 to 0.48)/10 58.16 (27.43 to 88.89)/9 0.18 (0.01 to 0.36)/14
No — 0.36 (0.04 to 3.05)/1 29.42 (�49.84 to 108.7)/2 0.36 (�0.32 to 1.05)/2

Study duration (mo) 0.2 0.01 0.6 0.008
�6 — 0.24 (0.13 to 0.46)/5 17.61 (�29.91 to 65.12)/6 0.48 (0.11 to 0.85)/7
6-12 0.43 (0.14 to 1.27)/3 0.62 (0.42 to 0.89)/2 59.17 (�38.19 to 156.54)/2 �0.30 (�0.65 to 0.03)/3
�12 0.90 (0.53 to 1.53)/3 0.16 (0.04 to 0.62)/4 49.95 (11.66 to 88.25)/4 0.11 (0.01 to 0.21)/6

Allocation concealment 0.5 0.3 0.3 0.9
Adequate 0.57 (0.31 to 1.03)/2 0.41 (0.24 to 0.68)/5 49.95 (11.66 to 88.25)/4 0.19 (�0.02 to 0.40)/7
Unclear 0.79 (0.39 to 1.62)/4 0.21 (0.07 to 0.60)/6 67.29 (28.73 to 105.86)/6 0.19 (�0.03 to 0.43)/9

Blinding NA 0.7 NA <0.001
Yes — 0.36 (0.10 to 1.28)/1 — 1.30 (0.68 to 1.91)/1
No 0.88 (0.58 to 1.35)/5 0.27 (0.15 to 0.47)/10 47.95 (23.78 to 72.13)/11 0.11 (�0.01 to 0.23)/15

Intention-to-treat analysis 0.4 0.03 NA 0.7
Yes 0.67 (0.35 to 1.26)/5 0.49 (0.37 to 0.66)/6 — 0.22 (0.01 to 0.45)/7
No 1.22 (0.38 to 1.34)/1 0.15 (0.04 to 0.44)/5 54.78 (25.90 to 83.66)/8 0.16 (�0.13 to 0.46)/9

Lost to follow-up (%) 0.4 0.07 0.5 0.3
0 — — — —
1-10 — 0.21 (0.10 to 0.43)/3 30.76 (�7.04 to 68.56)/3 0.49 (�0.01 to 0.99)/5
10-20 1.22 (0.38 to 3.88)/1 0.15 (0.02 to 1.26)/3 6.00 (�56.85 to 68.85)/2 0.18 (�0.10 to 0.47)/4
�20 0.67 (0.35 to 1.26)/5 0.49 (0.33 to 0.72)/5 58.32 (15.72 to 100.92)/4 0.05 (�0.13 to 0.25)/7

No. of trial participants 0.7 0.9 0.7 0.05
1-20 — 0.27 (0.08 to 0.83)/1 51.48 (�32.66 to 135.6)/2 0.80 (0.19 to 1.41)/1
20-50 — 0.35 (0.04 to 0.62)/1 40.00 (89.00 to 169.0)/1 0.20 (�0.52 to 0.92)/2
50-100 1.00 (0.15 to 6.42)/1 0.31 (0.14 to 0.68)/4 27.08 (�7.23 to 61.40)/5 0.44 (0.00 to 0.88)/6
�100 0.72 (0.40 to 1.30)/5 0.24 (0.09 to 0.62)/5 71.91 (17.19 to 126.62)/4 0.06 (�0.01 to 0.19)/7

Baseline phosphorus (mg/dL) 0.6 0.1 0.2 0.5
�5.5 0.53 (0.28 to 1.00)/1 0.41 (0.23 to 0.70)/1 55.00 (0.82 to 109.18)/1 0.10 (�0.22 to 0.42)/1
5.5-7.0 0.57 (0.18 to 1.79)/2 0.61 (0.38 to 1.00)/2 88.72 (9.69 to 167.25)/1 0.30 (�0.13 to 0.72)/6
7.0-8.0 1.22 (0.38 to 3.88)/1 0.31 (0.12 to 0.76)/5 92.00 (43.91 to 140.90)/4 0.63 (-0.65 to 1.90)/5
�8.0 1.00 (0.15 to 6.42)/1 0.42 (0.22 to 0.79)/3 6.92 (�47.80 to 61.63/3 0.52 (�0.09 to 1.14)/4

Note: P for interaction was calculated by analyzing each category compared with the first (referent) category for categorical variables. Baseline PTH level, baseline
phosphorus level, duration of intervention, loss to follow-up, and number of trial participants were analyzed as continuous variables. Bold type indicates P � 0.05, which is
considered statistically significant. Conversion factors for units: phosphorus in mg/dL to mmol/L, �0.3229. PTH in pg/mL and ng/L requires no conversion.

Abbreviations: CI, confidence interval; NA, not applicable; PTH, parathyroid hormone.
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Phosphate Binders in CKD 633
ium salts.32 The possibility that the cholesterol-
owering effect of sevelamer may contribute to
his effect (rather than hypercalcemia from cal-
ium salts) cannot be excluded based on the
ecently published CARE-2 (The Calcium Ace-
ate Renagel Evaluation-2) study.35 Although vas-
ular calcification is associated with increased
isk of mortality in hemodialysis patients, the
mpact of decreasing vascular calcification on
urvival outcomes has not been shown in random-
zed intervention trials.69 As shown by the recent
egative results of the AURORA (A Study to
valuate the Use of Rosuvastatin in Subjects on
egular Hemodialysis: An Assessment of Sur-
ival and Cardiovascular Events) study (analyz-
ng the beneficial effects of statins in dialysis
atients), even such a universally accepted surro-
ate end point as low-density lipoprotein choles-
erol level may not predict such patient-centered
nd points as mortality in a different setting, such
s dialysis, in which the causal pathway to cardio-
ascular end points and death may be differ-
nt.71,72 A surrogate end point must be validated
nd tested in specific settings before validating
ssumptions that modifying the surrogate marker
ill reduce clinical outcomes.
Sevelamer has not been well studied in pa-

ients with CKD stages 3 to 5 (not requiring
ialysis), except for a single study.46 Therefore,
his systematic review can only inform the thera-
eutic use of sevelamer and calcium salts in
ialysis patients and for only surrogate biochemi-
al end points; it is still uncertain whether sevel-
mer reduces hypercalcemia and cardiovascular
isease in patients with stages 3 to 5 CKD com-
ared with calcium-based agents. Calcium salts
re recommended in predialysis patients by vari-
us international guideline agencies for the con-
rol of hyperphosphatemia.12,73 Our review con-
rms that calcium carbonate and calcium acetate
re equally effective in decreasing phosphorus
nd PTH levels with a similar incidence of hyper-
alcemia and gastrointestinal adverse events; we
dentified only 2 studies conducted in predialysis
atients.23,27 Because few studies are available,
here currently is no strong RCT evidence (for
he outcomes of mortality and morbidity) for the
se of calcium-based phosphate binders in pa-
ients with earlier stages of CKD.

Few studies have analyzed the use of lantha-

um carbonate alone or in conjunction with m
alcium salts for phosphate binding in patients
ith CKD. Lanthanum carbonate has been com-
ared with placebo and calcium carbonate in
ialysis patients, and available data confirm their
fficacy in decreasing phosphorus levels, similar
o calcium carbonate, with a decreased incidence
f hypercalcemia. Accumulation of lanthanum in
one has been assessed in 1 study by means of
one biopsy at the end of 2 years of treatment,
nd no evidence of aluminum-like toxicity was
bserved.53

To the best of our knowledge, this is the first
omprehensive systematic review of RCTs that
as assessed the benefits and harms of all phos-
hate-binding agents in patients with CKD. A
revious meta-analysis (including 17 prospec-
ive and retrospective studies comparing sevel-
mer hydrochloride with placebo) showed that
evelamer compared with placebo or no treat-
ent improved biochemical end points (serum

hosphorus, Ca � P, PTH, and lipid levels)
ithout increased serum calcium levels. How-

ver, data for survival, hospitalization, and vascu-
ar calcification were not included.74 The inclu-
ion of both observational studies and RCTs in
hat review decreased the strengths of its conclu-
ions through potential for bias and unknown
onfounding. A second systematic review of 7
CTs (746 patients) concluded that sevelamer
ad similar effects on phosphorus and Ca � P
evels, with a lower incidence of hypercalce-
ia.75 Similar to the previous analysis, that re-

iew focused on only the effects of sevelamer
nd included some, but not all, available trials. A
ore recent analysis by Tonelli et al76 (an update

f their previous review) analyzed the benefits of
evelamer in comparison to calcium alone and
ncluded 10 trials.75 This review did not assess
he role of other phosphate binders and did not
xplore the risk of vascular calcification.77

Our systematic review has a number of
trengths and some weaknesses. It is based on
rior publication of a prospectively designed
eer-reviewed protocol78 and a systematic search
f medical databases, data extraction, analysis,
nd trial quality assessment by 2 independent
eviewers with supervision by a third experi-
nced investigator. The key findings are limited
y the lack of long-term studies analyzing the
fficacy of phosphate binders on mortality and

usculoskeletal morbidity. Most included stud-



i
D
d
p
g
t
s
i
s
s
m
o

d
b
c
u
p
o
a
a
v
t
a
t
t
i
o
A
d
a
p

q
c
l
w
d
s
C
c
t
b
w
c
w
p

o

I
a
o
n
C
T
C
G
P
J
M
R
l
a
S
S
S
M

t
C
c
s

a
a

R
a
c

H
7

S
p

o
1

A
p
A

P
d
T
A

r
m

Navaneethan et al634
es enrolled few patients (except for the large
COR trial), and all were powered to observe
ifferences in surrogate end points, rather than
atient-focused outcomes. This attention to surro-
ate rather than patient-level end points in pa-
ients with CKD is not new and should be super-
eded by focus on major patient-level end points
n future trials.79,80,81 The strength of conclu-
ions drawn from this review also is limited by
uboptimal reporting of study methods to deter-
ine trial quality and significant heterogeneity

bserved for many outcomes.
The primary advantage for more recently

eveloped phosphate binders (lanthanum car-
onate and sevelamer) is a decrease in hyper-
alcemia in dialysis patients. Existing trials
sing patient-focused end points in predialysis
atients are inadequate to inform clinical rec-
mmendations for any phosphate binder and
re required before advocating that newer
gents are superior to existing lower cost inter-
entions. Full adoption of sevelamer and lan-
hanum by government drug reimbursement
gencies in place of calcium salts would lead
o a large increase in health care expendi-
ure.82,83 This can be justified only by present-
ng evidence for improved clinical outcomes
f these agents compared with calcium salts.
dditionally, it should be remembered that to
ate, no clinical trial has shown a survival
dvantage for calcium salts (compared with
lacebo or other agents).
Further research using an RCT design is re-

uired to assess the effect of surrogate biochemi-
al end points (phosphorus, calcium, and PTH
evels) on mortality and morbidity in patients
ith CKD. These might include trials of: (1)
irect comparisons between sevelamer, calcium
alts, and lanthanum carbonate in patients with
KD with primary outcomes of all-cause and
ardiovascular mortality, fractures, hospitaliza-
ion, and parathyroidectomy; (2) any phosphate
inder to control hyperphosphatemia in patients
ith CKD stages 3 and 4; or (3) the efficacy of

ombination therapy (such as sevelamer with or
ithout calcium salts) on both surrogate and
atient-level end points.
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