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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 [Cl], 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% Cl, 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% ClI, 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.
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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
on the care of patients with end-stage renal
disease in 2006 in the United States alone.'

Worsening kidney function results in impaired
clearance of the dietary phosphorus load,” which
directly and indirectly increases parathyroid hor-
mone (PTH) secretion.”* Secondary hyperpara-
thyroidism is characterized by high bone turn-
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over, exaggerated marrow fibrosis, and increased
musculoskeletal morbidity. Recently, epidemio-
logical data have shifted the focus of altered
mineral metabolism in CKD from renal bone
disease to a broader recognition that hyperphos-
phatemia is associated with increased morbidity,
mortality, and hospitalization; reduced quality of
life; and increased costs of care.>”’
Cardiovascular disease accounts for more
than half the deaths in dialysis patients,’ and
the development of vascular calcification of
the arterial media has been advocated as a
major contributing factor.®° Because abnor-
malities in mineral metabolism involve a para-
digm incorporating bone disease and vascular
and soft-tissue calcification that have potential
effects on fracture, cardiovascular outcomes,
and mortality, the concept of CKD-mineral
and bone disorder has been introduced. This
condition is the target of several interventions,
including phosphate binders, vitamin D ana-
logues, and calcimimetics, all of which may
suppress the development or progression of
CKD-mineral and bone disorder.'"!
Phosphate binders containing aluminum and
calcium have been used widely since 1970, and
the non—calcium- or aluminum-based agents,
sevelamer hydrochloride and lanthanum carbon-
ate, more recently have become available. Their
use is increasing in current practice, and al-
though they are more expensive, the potential
decrease in risk of vascular calcification and
toxicity advocates for broader adoption. For con-
trol of hyperphosphatemia, the National Kidney
Foundation’s Kidney Disease Outcomes Quality
Initiative (NKF-KDOQI) recommends the use of
calcium-based binders in patients with CKD
stages 3 and 4 (glomerular filtration rate, 30 to 59
and 15 to 29 mL/min/1.73 m?, respectively) and
both calcium-based and calcium- and aluminum-
free binders in patients with CKD stages 5 and
5D (glomerular filtration rate < 15 mL/min/1.73
m? and dialysis).'* The relative merits of avail-
able phosphate-binding agents are controver-
sial.'*'* We have conducted a systematic review
of the benefits and harms of phosphate binders
compared with calcium salts or placebo to deter-
mine whether newer agents deliver improved
biochemical and patient-level outcomes, with
particular reference to musculoskeletal and car-
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diovascular morbidity, hospitalization, and mor-
tality.

METHODS

Inclusion Criteria

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

Search Strategy

RCTs of phosphate binders in patients with CKD were
searched in MEDLINE (1966 to April 2009), EMBASE
(1980 to April 2009), and the Cochrane Renal Group Spe-
cialised Register and the Cochrane Central Register of
Controlled Trials (CENTRAL) with optimally sensitive
search strategies developed by the Cochrane Collaboration'?
and using relevant medical subject terms (Item S1, provided
as online supplementary material with this article at www.
ajkd.org). Trials were considered without language restric-
tion. Titles and abstracts of search results were screened
according to inclusion criteria. Studies that did not meet
inclusion criteria (ie, animal studies, non-RCTs, and RCTs
of interventions that were not relevant to the review) were
excluded.

Data Extraction, Quality Assessment, and
Statistical Analysis

We followed Cochrane methods and Quality of Reporting
of Meta-analyses (QUOROM) guidelines for conduct and
reporting of this systematic review.'® Two authors indepen-
dently assessed each trial, and data were extracted for
characteristics of participants, interventions, comparisons,
and the following outcomes when reported in trials: all-
cause mortality, cardiovascular mortality, nonfatal cardiovas-
cular events, vascular calcification by any imaging modality,
end-of-treatment PTH concentration (intact PTH and PTH
1-84 as reported in the studies), serum calcium (milligrams
per deciliter), serum phosphorus (milligrams per deciliter),
serum calcium-phosphorus product (Ca X P; milligrams
squared per deciliter squared), alkaline phosphatase (interna-
tional units per liter), serum bicarbonate (milliequivalents
per liter), total cholesterol (milligrams per deciliter), bone
mineral density, bone mineral content, bone histomorphom-
etry, occurrence of hypercalcemia (defined as serum calcium
level > 10.2 mg/dL or as defined by the study investigators),
and treatment-related toxicity (gastrointestinal side effects).
Investigators were contacted if data related to mortality and
levels of phosphorus, calcium, PTH, or Ca X P were not
available or not reported in the published reports.

The quality of RCTs was assessed by using a checklist
that included allocation concealment; blinding of partici-
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pants, investigators, outcome assessors, and data analysts;
use of intention-to-treat analyses; and completeness of follow-
up.'” Discrepancies between the 2 data extractors (S.D.N.
and S.C.P.) were resolved by discussion with an arbitrator
(G.EM.S.). Dichotomous data were analyzed by using the
relative risk (RR) measure and its 95% confidence intervals
(CIs). Risk estimates from individual trials were pooled by
using the Der Simonian-Laird random-effects model.'® When
continuous measurements of outcomes were used, the
weighted mean difference (WMD) and its CI were computed
by using end-of-treatment values. Heterogeneity across in-
cluded trials was analyzed by means of visual analysis of the
forest plot and formally using the heterogeneity x> (Cochran
Q) statistic and the J* statistic. Subgroup analyses were
performed as applicable based on a predefined study proto-
col and were reported when significant.'® Sources of hetero-
geneity to be explored in subgroup analyses were the follow-
ing: older versus newer phosphate-binding agents; baseline
PTH levels; baseline phosphorus levels; type of calcium
assay used in the study; use of washout of phosphate binder;
study duration; quality items, including allocation conceal-
ment, blinding, and use of intention-to-treat analysis; num-
ber of patients lost to follow-up; and number of trial partici-
pants. Analyses were performed using Review Manager
(RevMan) [Computer program]. Version 5.0. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2008), and Comprehensive Meta-analysis version 2 (Biostat,
NJ, USA).
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RESULTS

Search Results

The combined search of MEDLINE, EMBASE,
and the Cochrane Library identified 2,381 cita-
tions, of which 2,298 were excluded after title
and abstract review (Fig 1). Full-text assessment
of 83 potentially relevant articles identified 40
eligible trials reported in 46 publications and
enrolling 6,406 patients (Fig 1).>°°° Investiga-
tors of 19 trials were contacted for additional
information and clarification relating to study
methods and additional unreported data, with 8
responding.

Trial Characteristics

Characteristics of participants and interven-
tions of the included trials are listed in Table 1.
Three different groups of trials were identified.
The first group of trials compared any calcium
salt with another calcium salt or placebo.”’
Seven trials (307 patients) compared calcium
acetate with calcium carbonate,?%-232%-28:2% and

678 MEDLINE
1571 EMBASE

2381 Citations identified from electronic
database searches

132 Cochrane Renal Group Specialised
Register and CENTRAL

2298 Citations excluded based on
review of title and abstract

Search overlap
Not randomized, controlled trial
or review

83 Potentially relevant articles
identified for full text review

37 Citations excluded based on
review of article

Not randomized, controlled trials
Review articles

Irrelevant outcomes
Duplicate reports

Included in systematic review
40 trials (46 publications)
(6406 individuals)

Sevelamer vs. calcium salts

Number of trials by outcome:

All cause mortality (10 trials, 3079 patients)
Vascular calcification (5 trials, 655 patients)
Phosphorus (15 trials, 3012 patients)

Figure 1. Literature search
flow diagram. Reasons for ex-
clusions and number of trials
reporting each outcome are
shown.

Bone oulcomes (5 Irials 525 patients)

Adverse treatment effects:
Hypercalcemia (10 trials, 950 patients)
‘Gastrointestinal events (5 trials, 832 patients)

Parathyroid hormone (13 trials, 2622 patients)
Calcium = Phosphorus (10 trials, 2560 patients)

Calcium acetate vs. calcium carbonate

Number of trials by outcome:

All cause mortality (2 trials, 74 patients)
Phosphorus (5 trials, 143 patients)
Parathyroid hormone (2 trials, 18 patients)
Calcium x Phosphorus (2 trials, 31 patients)

Adverse treatment effects:
Hypercalcemia (2 irials, 88 patients)
Gaslrointestinal events (5 trials, 136 patients)

Lanthanum vs. placebo or calcium carbonate

Number of trials by outcome:

All cause mortality (3 trials, 954 patients)
Phosphorus (5 trials, 1076 palients)
Parathyroid hormone ( 3 trials, 895 patients)
Calcium = Phosphorus (3 trials, 991 patients)
Renal ostecdystrophy (1 trial, 98 patients)

Adverse treatment effects:
Hypercalcemia (3 trials, 1151 patients)
Gastrointestinal events (5 trials, 1852 patients)




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

Kidney Dialysate Calcium No. of Follow-up
Study Type/Reference Disease Stage Intervention Cointervention (mEq/L)/% Patients  Patients (wk)
Calcium salt v other calcium
salt/placebo
Almirall et al,2° 1994 HD Calcium acetate, 3.8 g/d, v calcium carbonate, 4 g/d Oral calcitriol NA 10 24
Bro et al,' 1998 HD Calcium ketoglutarate v calcium carbonate to achieve serum phosphorus < Oral alfacalcidol 3.5/100 19 12
5.3 mg/dL
Birck et al,?2 1999 HD Calcium ketoglutarate v calcium carbonate to achieve serum phosphorus < NA 2.5/100 28 12
5.3 mg/dL
Borrego et al,2® 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,2* 1992 HD Calcium acetate, 6.5 g/d, v calcium carbonate, 3.75 g/d None NA 80 16
Emmett et al,2> 1991 HD Calcium acetate v calcium carbonate to achieve serum phosphorus of Oral or IV vitamin D 3.25/100 91 2
4.5-5.5 g/dL
d’Almeida Filho et al,?® HD Calcium acetate, 5.6 g/d, v calcium carbonate, 6.2 g/d None 3.0-3.5/100 52 4
2000
Phelps et al,2” 2002 Predialysis Calcium acetate, 2.0 g/d, v calcium acetate, 6.0 g/d NA 3.5/100 18 8
Pflanz et al,?® 1994 HD Calcium acetate, 6.0 g/d, v calcium carbonate, 3.75 g/d None NA 31 6
Ring et al,2° 1993 HD Calcium acetate, 3.8 g/d, v calcium carbonate, 4 g/d None 2.5/100 15 3
Rudnicki et al,*° 1994* HD Calcium, 2.0 g/d, v placebo Oral vitamin D 3.5/100 18 24
Schaeffer et al,®' 1991 HD Calcium acetate (6 g/d) v calcium acetate + calcitriol (4 ug, 2X/wk) vcalcium  Oral calcitriol NA 47 7
acetate + calcitriol (0.5 ng, 2X/wk) v aluminum hydroxide + calcitriol (4
g, 2X/wk)
Sevelamer v calcium salts
Barreto et al,®2 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,>3 1999 HD Sevelamer v calcium acetate to achieve serum phosphorus of 2.5-5.5 mg/dL  Oral calcitriol 2.26-2.5/65 83 16
2.5-3.01.2
3.0-3.5/22.9
Block et al,®* 2005 HD Sevelamer v calcium acetate or calcium carbonate to achieve serum Oral or IV vitamin 2.5/100 129 72
phosphorus < 6.5 mg/dL and serum calcium < 10.2 mg/dL
Qunibi et al (CARE-2),3° HD Sevelamer + atorvastatin v calcium acetate + atorvastatin to achieve serum ~ NA 2.5/10 203 52
2008 phosphorus of 3.5-5.5 mg/dL and LDL cholesterol < 70 mg/dL
Chertow et al,®® 1999 HD Sevelamer v sevelamer + calcium carbonate to achieve serum phosphorus Oral or IV vitamin D 71 12
of 2.5-5.5 mg/dL
Chertow et al,3” 2002 HD Sevelamer v calcium acetate or calcium carbonate to achieve serum Oralor I[VvitaminD NA 200 52
phosphorus of 3.0-5.0 mg/dL and calcium of 8.5-10.5 mg/dL
Suki et al (DCOR),38 HD Sevelamer v calcium acetate or calcium carbonate NA NA 2,103 156
2007
DeSanto et al,3° 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

Kidney Dialysate Calcium No. of Follow-up
Study Type/Reference Disease Stage Intervention Cointervention (mEg/L)/% Patients  Patients (Wk)
Evenepoel et al,*° 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,*' 2008 HD Sevelamer v calcium carbonate to achieve serum phosphorus of 3.2-5.0 1V vitamin D NA 91 52
mg/dL
Kingusa et al,*? 2001 HD Sevelamer v calcium carbonate NA NA 230 8
Hervas et al,*® 2003 HD Sevelamer v calcium acetate Oral or IV vitamin D 2.5/79 51 34
3.0/21
Koiwa et al,** 2005 HD Sevelamer, 6 g/d, vsevelamer, 3 g/d, + calcium carbonate, 3 g/d, v calcium IV or oral calcitriol 3.0/100 86 8
carbonate, 3 g/d
Qunibi et al,*> 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,*® 2007 Predialysis Sevelamer, 1,600 mg/d, v calcium carbonate, 2 g/d, vIow-phosphate diet NA NA 90 104
alone
Sadek et al,*” 2003 HD Sevelamer, 4.4 g/d, v calcium carbonate, 4.8 g/d IV vitamin D Varied 42 20
Shaheen et al,*® 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,*® 1997 HD Sevelamer v placebo Oral or IV vitamin D NA 36 8
Lanthanum carbonate v
calcium salts
D’haese et al,>° 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,>' 2003 HD Lanthanum carbonate v calcium carbonate to achieve serum phosphorus Oral or IV vitamin D NA 800 20
< 5.58 mg/dL
Shigmetsu et al,52 2008 HD Lanthanum carbonate v calcium carbonate Oral or IV vitamin D 3.0/100 259 8
Spasovski et al,>3 2006 HD Lanthanum carbonate v calcium carbonate Oral or IV vitamin D NA 24 104
Lanthanum carbonate v
placebo
Al-Baaj et al,>* 2003 HD Lanthanum carbonate v placebo in patients with serum phosphorus of Oral or IV vitamin D NA 36 4
4.03-5.58 mg/dL
Chiang et al,>> 2005 HD Lanthanum carbonate, 375 mg-3.0 g/d, v placebo to achieve serum Oral or IV vitamin D NA 61 4
phosphorus < 5.6 mg/dL
Finn et al,%¢ 2004t HD Lanthanum carbonate v placebo to achieve serum phosphorus < 5.9 mg/dL NA NA 144 4
Joy et al,5” 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,>® 2008 HD Lanthanum carbonate v standard phosphate binder (sevelamer or calcium Oral or IV vitamin D 2.5/100 21 104
salts) to achieve serum phosphorus < 5.9 mg/dL
Mehrotra et al,>® 20081 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.
1This study analyzed the efficacy of various doses of lanthanum carbonate.
1This study had a 4-month open-label extension.
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2 trials (47 patients) compared calcium ketoglu-
tarate with calcium carbonate.>"**> One trial (18
patients) compared calcium acetate with pla-
cebo,® and 2 trials (65 patients) compared differ-
ent doses of calcium acetate.’’*' Two studies
included patients with CKD stages 3 and 4,7**’
and the rest enrolled hemodialysis patients. Con-
comitant vitamin D analogues (intravenous or
oral) were administered in most of these studies.

The second group compared the efficacy of
sevelamer hydrochloride against calcium salts or
placebo.?>*° Five trials (476 patients) compared
sevelamer with calcium acetate,>>33404345 6 trj-
als (489 patients) compared sevelamer with cal-
cium carbonate,**!*>4¢*8 2 trials (157 patients)
compared sevelamer directly with sevelamer and
calcium carbonate,*** 3 trials (2,369 patients) com-
pared sevelamer with calcium acetate and cal-
cium carbonate,>*373% 1 trial compared sevel-
amer plus atorvastatin with calcium acetate plus
atorvastatin,® and 1 trial (36 patients) compared
sevelamer with placebo.*® All these trials were
performed in patients on hemodialysis therapy,
and oral or intravenous vitamin D compounds
were used as cointervention in most patients.

The third group of trials (10 trials; 2,239
patients) compared lanthanum carbonate with
calcium carbonate (4 studies; 1,181 patients),so’53
lanthanum carbonate with placebo (4 studies;
334 patients),s“’57 different doses of lanthanum
carbonate, and lanthanum carbonate with stan-
dard phosphate binders (sevelamer and calcium
salts) in dialysis patients.>®°

The majority of trials included in this review
were of short duration (1 to 18 months of treat-
ment administration), except for the Dialysis
Clinical Outcomes Revisited (DCOR) trial,®
which analyzed the efficacy of phosphate binders
to decrease serum phosphorus levels, in which
42% of patients had follow-up longer than 24
months. The number of participants ranged from
10 to 2,103, with 27 of 40 (67%) trials enrolling
fewer than 100 participants. Coadministration of
vitamin D analogues and route of administration
of these agents varied among studies. Assays
used to measure PTH also differed in the in-
cluded studies. Most studies defined hypercalce-
mia as serum calcium level greater than 10.2
mg/dL, whereas some used greater than 10.5
mg/dL and some used greater than 11.0 mg/dL as
a cutoff value to define hypercalcemia.
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Trial Quality

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

Trial Results
Patient-Level Outcomes

All-cause Mortality. There was no significant
reduction in risk of all-cause mortality with cal-
cium acetate in comparison to calcium carbon-
ate. Similarly, there was no significant reduction
in risk of all-cause mortality with sevelamer in
comparison to calcium salts (10 trials; 3,079
patients; RR, 0.73; 95% CI, 0.46 to 1.16; Fig 2);
data for mortality primarily derive from 1 large
trial (DCOR).*® No deaths were reported in the
included studies that compared lanthanum car-
bonate with placebo or calcium carbonate; thus,
mortality could not be ascertained for this
comparison.

Hospitalization. 'Two trials reported hospitaliza-
tion details. However, these reports could not be
pooled because of differences in reporting meth-
ods. In 1 trial, the number of patients hospital-
ized within 52 weeks was reported, with no
significant difference in risk of hospitalization
between sevelamer and calcium salts (P =
0.15).>” In another trial, the number of days
hospitalized per patient-year was reported, with
no difference between sevelamer and calcium
salts for this outcome (P = 0.09).%®

Hypercalcemia. There was no significant differ-
ence in risk of hypercalcemia with calcium ac-
etate in comparison to calcium carbonate (Table
2). However, there was a significant decrease in
risk of hypercalcemia with sevelamer in compari-
son to calcium salts (RR, 0.47; 95% CI, 0.36 to
0.62) and with lanthanum carbonate in compari-
son to calcium carbonate (RR, 0.08; 95% CI,
0.02 to 0.32; Table 2).

Gastrointestinal Events. There was no signifi-
cant difference in risk of adverse gastrointestinal
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Sevelamer Calcium Risk Ratio, Risk Ratio,
Study or subgroup Events Total Events Total Weight, % 95% CI 95% CI
Sevelamer versus calcium acetate
Barreto 2008 1 52 8 49 4.6 0.12[0.02, 0.91]
Bleyer 1999 0 40 0 40 Not estimable
CARE-2 2008 3 100 7 103 9.6 0.44 [0.12, 1.66] —_—
Ferreira 2008 0 44 0 47 Not estimable
Hervas 2003 2 18 2 22 5.4 1.22[0.19, 7.84] _—
Qunibi 2004 0 50 0 48 Not estimable
Subtotal (95% CI) 304 309 19.5 0.43 [0.13, 1.38] i
Heterogeneity: Tau2 = 0.34; Chi2 = 2.87, df = 2 (P = 0.24); I2 = 30%
Test for overall effect: Z = 1.42 (P = 0.15)
Sevelamer versus calcium carbonate
Koiwa 2005 0 16 0 20 Not estimable
Subtotal (95% CI) 16 20 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
versus i salts ( and il cart )
Block 2007 11 60 23 67 24.7 0.53 [0.28, 1.00] ——
Chertow 2002 6 99 5 101 11.8 1.22[0.39, 3.88] e e —
DCOR 2007 267 1053 275 1050 43.9 0.97 [0.84, 1.12]
Subtotal (95% CI) 1212 1218 80.5 0.85 [0.57, 1.27] i
Heterogeneity: Tau2 = 0.06; Chi2 = 3.47, df = 2 (P = 0.18); 12 = 42%
Test for overall effect: Z = 0.79 (P = 0.43)
Figure 2. Effect of sevel- Total (95% CI) 1532 1547 100.0 0.73 [0.46, 1.16] -
amer Compared th Calcium Heterogeneity: Tau2 = 0.12; Chi2 = 8.81, df = 5 (P = 0.12); 12 = 43%
SaltS on aII-cause mortamy in Test for overall effect: Z = 1.32 (P = 0.19)
people with chronic kidney dis- 0_:,5 0_'2 1 '5 2'0
ease. Abbreviation: Cl, confi- Favors Favors

dence interval.

events with calcium acetate in comparison to
calcium carbonate or with lanthanum carbonate
in comparison to placebo or calcium carbonate
(Table 2). However, there was a significant in-
crease in risk of gastrointestinal events with sevel-
amer in comparison to calcium salts (RR, 1.39;
95% CI, 1.04 to 1.87; Table 2). Gastrointestinal
side effects reported with sevelamer included ab-
dominal bloating, diarrhea, and constipation.

Biochemical and Other Surrogate End Points

Serum Phosphorus. There was no significant
difference in end-of-treatment serum phosphorus
levels with calcium acetate in comparison to
calcium carbonate or with lanthanum carbonate
in comparison to calcium carbonate (Fig 3).
There was a significantly greater end-of-treat-
ment serum phosphorus level with sevelamer in
comparison to calcium salts (WMD, 0.21 mg/dL;
95% CI, 0.01 to 0.41; Fig 3). There was a
significant decrease in end-of-treatment phospho-
rus level with calcium in comparison to placebo
(2 trials; 90 patients; WMD, —1.41 mg/dL; 95%
CI, —2.52 to —0.29). Similarly, there was a
significant decrease in end-of-treatment phospho-
rus level with sevelamer in comparison to pla-
cebo (1 trial; 36 patients; WMD, —1.80 mg/dL;

sevelamer calcium

95% CI, —3.32 to —0.28). Combination treat-
ment with sevelamer and calcium carbonate had
no synergistic effect on serum phosphorus level
compared with sevelamer alone (1 trial; 71 pa-
tients; WMD, —0.20 mg/dL; 95% CI, —1.14 to
0.74).

Serum Calcium.  There was no significant differ-
ence in end-of-treatment calcium level with cal-
cium acetate in comparison to calcium carbonate
(Table 3). End-of-treatment calcium levels were
significantly lower with sevelamer compared with
calcium salts (WMD, —0.35 mg/dL; 95% CI,
—0.46 to —0.24). Similarly, there was a signifi-
cantly lower end-of-treatment calcium level with
lanthanum carbonate in comparison to calcium
carbonate (WMD, —0.45 mg/dL; 95% CI, —0.64
to —0.25).

Serum PTH. There was no significant differ-
ence in end-of-treatment PTH level with calcium
acetate in comparison to calcium carbonate or
with lanthanum carbonate compared with cal-
cium carbonate (Fig 4). There was a significantly
greater end-of-treatment PTH level with sevel-
amer compared with calcium salts (WMD, 55.57
pg/mL; 95% CI, 26.69 to 84.45) and a decrease
in end-of-treatment PTH level with lanthanum



626

Navaneethan et al

Table 2. Effect of Phosphate Binders on Patient-Level End Points in Patients With CKD

No. of Studies

95%

Reporting Treatment n/N v Relative ~ Confidence  Overall P for
Outcome Analyzed Outcome Control n/N Risk Interval P X Heterogeneity 12 (%)
Calcium acetate v
calcium carbonate
Mortality 2 1/35 v1/39 1.13 0.07-17.30 0.9 — — —
Hypercalcemia 2 6/41 v10/47 1.08 0.11-10.99 0.9 2.46 0.1 59
Gastrointestinal toxicity 3 12/67 v9/69 1.26 0.61-2.60 0.5 0.92 0.9 0
Calcium salts v placebo
Mortality — — — — — — — —
Hypercalcemia — — —_ —_ — —_ — —
Gastrointestinal toxicity — — — — — — — —
Sevelamer hydrochloride
v calcium salts
Mortality 10 290/1,532 v 320/1,547 0.73 0.46-1.16 0.2 8.81 0.14 43
Hypercalcemia 10 54/503 v 120/457 0.47 0.36-0.62 <0.001 8.10 0.4 1
Gastrointestinal toxicity 5 104/310 v 64/263 1.39 1.04-1.87 0.03 6.95 0.4
Sevelamer hydrochloride
vplacebo
Mortality 1 0/24 v0/12 — — — — — —
Hypercalcemia —_ — —_ —_ — — — —
Gastrointestinal toxicity 2 2/48 v2/24 0.54 0.08-3.45 0.5 0.79 0.4 0
Lanthanum carbonate v
calcium carbonate
Mortality 1 0/533 v 0/267 — — — — — —
Hypercalcemia 3 12/705 v 116/446 0.08 0.02-0.32 <0.001 8.92 0.01 78
Gastrointestinal toxicity 3 124/1,115 v68/583 1.09 0.84-1.41 — 1.16 0.6 0
Lanthanum carbonate v
placebo
Mortality 2 0/79 v0/75 — — — — — —
Hypercalcemia — — — — — — — —
Gastrointestinal toxicity 2 10/79 v9/75 1.05 0.45-2.45 0.9 0.30 0.6 0

Note: Gastrointestinal toxicity includes gastritis, diarrhea, and gastrointestinal upset. Relative risk less than 1 favors the
experimental intervention, and relative risk of 1 or higher favors the control intervention.

carbonate in comparison to placebo (WMD,
—83.00 pg/mL; 95% CI, —154.63 to —11.37).

Ca x P. There was no significant difference in
end-of-treatment Ca X P level with calcium
acetate in comparison to calcium carbonate and
sevelamer in comparison to calcium salts (Table
3). There was a significantly lower end-of-
treatment Ca X P level with lanthanum carbon-
ate in comparison to placebo (WMD, —14.20
mg?/dL?; 95% CI, —21.03 to —7.37) and with
lanthanum carbonate in comparison to calcium
carbonate (WMD, —3.82 mg*dL* 95% CI,
—7.47 to —0.16).

Serum Bicarbonate. There was no significant
difference in end-of-treatment serum bicarbon-
ate level between calcium acetate and calcium
carbonate. There was a significantly lower end-

of-treatment serum bicarbonate level with sevel-
amer 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-
nificant difference in end-of-treatment alkaline
phosphatase level with sevelamer in comparison
to calcium salts (Table 3). There was a significant
difference in end-of-treatment total cholesterol
level with sevelamer in comparison to calcium
salts (WMD, —20.55 mg/dL; 95% CI, —29.15 to
—11.96; Table 3).

Vascular Calcification. ~ Five studies reported the
effects of sevelamer and calcium salts on vascu-
lar calcification®*>*2>*74! (Table 4). One study
reported slower progression of coronary, aortic,
and heart valve calcification (measured by using
electron beam computed tomography) with use

Figure 3. Effect of phosphate binders on end-of-treatment serum phosphorus concentration in people with chronic
kidney disease. Conversion factor for phosphorus in mg/dL to mmol/L, X0.3229. Abbreviation: Cl, confidence interval.
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Treatment Control Mean difference, Mean difference,
Study Mean SD  Total Mean SD Total Weight, % 95% CI 95% CI

Calcium acetate versus calcium carbonate

Almirall 1994 479 0.6 4 494 0.8 4 18.7 -0.15 [-1.13, 0.83] —
Borrego 2000 48 09 7 4.6 0.9 9 22.7 0.20 [-0.69, 1.09] —)
Caravaca 1992 557  1.54 31 597 148 35 336 -0.40 [-1.13, 0.33] ——
Filho 2000 46 132 15 457 157 15 16.7 0.03 [-1.01, 1.07] —_—
Pflanz 1994 467  2.01 11 557 154 12 8.3 -0.90 [-2.37, 0.57] —
Total (95% CI) 68 75 100.0 -0.19 [-0.61, 0.24] <o

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

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

Calcium versus placebo

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] -
Total (95% CI) as as 100.0 -1.41[-2.52,-0.29]
Heterogeneity: Tau2 = 0.62; Chi2 = 24.80, df = 1 (P < 0.00001); I2 = 96%

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

versus
Barreto 2008 529 0.92 41 578 092 30 9.1 -0.49 [-0.92, -0.06] ——
Bleyer 1999 64 1.7 40 5.9 1.7 40 5.0 0.50 [-0.25, 1.25] ——
CARE-2 2008 54 18 70 5.0 1.6 59 6.7 0.40 [-0.19, 0.99] —
Evenepoel 2009 591  1.25 95 577 161 44 7.4 0.14 [-0.40, 0.68] ——
Hervas 2003 58 1.01 18 5.9 1.5 22 4.7 -0.10 [-0.88, 0.68] _—
Qunibi 2004 68 1.6 50 5.5 1.5 48 6.4 1.30 [0.69, 1.91] —_—
Russo 2007 48 09 27 4.7 1.5 28 6.0 0.10 [-0.55, 0.75] —
Subtotal (95% CI) 341 271 45.3 0.25 [-0.20, 0.71] o

Heterogeneity: Tau2 = 0.28; Chi2 = 23.79, df = 6 (P = 0.0006); 12 = 75%
Test for overall effect: Z = 1.08 (P = 0.28)

Sevelamer versus calcium carbonate

Ferreira 2008 5.4 1.4 33 5.3 1.9 35 4.6 0.10 [-0.69, 0.89] T
Kingusa 2001 5.62 0 115 5.59 0 115 Not estimable

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] —_—
Subtotal (95% CI) 199 206 17.9 0.48 [0.09, 0.88] ‘

Heterogeneity: Tau2 = 0.00; Chi2 = 2.60, df = 3 (P = 0.46); 12 = 0%
Test for overall effect: Z = 2.40 (P = 0.02)

versus i salts (. i and i carbonate)
Block 2005 5.2 0.9 54 5.1 0.8 55 11.3 0.10 [-0.22, 0.42] T
Chertow 2002 5.1 1.2 99 5.1 1.4 101 10.5 0.00 [-0.36, 0.36] -1
DCOR 2007 5.8 1.3 843 5.7 1.3 843 15.0 0.10 [-0.02, 0.22]
Subtotal (95% CI) 996 999 36.8 0.09 [-0.02, 0.20] (3

Heterogeneity: Tau2 = 0.00; Chi2 = 0.27, df = 2 (P = 0.87); I2 = 0%
Test for overall effect: Z = 1.61 (P = 0.11)

Total (95% CI) 1536 1476 100.0 0.21 [0.01, 0.41] <
Heterogeneity: Tau2z = 0.07; Chi2 = 30.37, df = 13 (P = 0.004); I2 = 57%
Test for overall effect: Z = 2.04 (P = 0.04)

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

Total (95% CI) 24 12 100.0 -1.80 [-3.32, -0.28 =i —

Heterogeneity: Not applicable
Test for overall effect: Z = 2.32 (P = 0.02)

Lanthanum carbonate versus calcium carbonate

D'Haese 2003 5.59 1.46 49 5.15 1.68 49 13.7 0.44 [-0.18, 1.06] -
Hutchison 2005 5.31 1.43 533 5.21 1.93 267 77.8 0.10 [-0.16, 0.36]

Spasovski 2006 4.8 0.77 12 4.92 1.17 12 8.5 -0.12 [-0.91, 0.67] —

Total (95% CI) 594 328 100.0 0.13 [-0.10, 0.36]

Heterogeneity: Tau2 = 0.00; Chi2 = 1.38, df = 2 (P = 0.50); I2 = 0%
Test for overall effect: Z = 1.09 (P = 0.28)

Lanthanum carbonate versus placebo

Chiang 2005 51 15 30 72 13 31 52.5 -2.10 [-2.81, +1.39]
Joy 2003 594 165 49 785 196 44 47.5 -1.91[-2.65,-1.17]  —J—
Total (95% CI) 79 75 100.0 -2.01[-2.52,-1.50] <

Heterogeneity: Tau2 = 0.00; Chi2 = 0.13, df = 1 (P = 0.72); 12 = 0%
Test for overall effect: Z = 7.71 (P < 0.00001)

—4 -2 0 2 4
Decrease in Increase in
serum phosphorus serum phosphorus

in mg/dl in mg/dl
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Table 3. Effect of Phosphate Binders on Biochemical End Points in Patients With CKD

No. of
Studies Weighted
Reporting No. of Mean 95% Confidence Overall Pfor
Outcome Analyzed Outcome Patients  Difference Interval P e Heterogeneity 12 (%)
Calcium acetate v calcium
carbonate
Calcium (mg/dL) 5 143 —0.09 -0.35t00.17 0.5 5.0 0.3 19.9
Calcium-phosphorus
product (mg?/dL?2) 2 31 -4.92 —10.03t00.19 0.06 3.26 0.07 69.7
Alkaline phosphatase (IU/L) 4 74 1.42 —8.99t0 11.82 0.8 0.37 0.9 0
Total cholesterol (mg/dL) — — — — — — — —
Bicarbonate (mEq/L) 2 53 0.21 —1.321t0 1.74 0.8 1.24 0.3 19.3
Calcium acetate v placebo
Calcium (mg/dL) — — — — — — — —
Calcium-phosphorus
product (mg?/dL2) — — — — — — — —
Alkaline phosphatase (IU/L) 1 18 -1.0 —22.331020.33 — — — —
Total cholesterol (mg/dl) — — — — — — — —
Bicarbonate (mEq/L) — — — — — — — —
Sevelamer v calcium salts
Calcium (mg/dL) 14 2,925 -0.35 —0.46t0 —0.24 <0.001 28.72 0.004 58.0
Calcium-phosphorus
product (mg?/dL?) 10 2,560 0.61 —1.02t0 2.24 0.5 13.24 0.2 32.0
Alkaline phosphatase (IU/L) 3 156 12.36  —10.79 to 35.51 0.3 1.35 0.5 0
Total cholesterol (mg/dL) 9 1,674 -20.55 —29.15t0 —11.96  <0.001 22.89 0.004 65
Bicarbonate (mEq/L) 5 381 —1.43 —2.07to —0.79 <0.001 1.75 0.8 0
Sevelamer acetate v placebo
Calcium (mg/dL) 1 36 -0.10 —0.521t00.32 0.6 — — —
Calcium-phosphorus
product (mg?/dL?2) — — — — — — — —
Alkaline phosphatase (IU/L) — — — — — — — —
Total cholesterol (mg/dL) — — — — — — — —
Bicarbonate (mEq/L) 1 36 -0.50 —2.53t01.53 0.6 — — —
Lanthanum carbonate v
calcium carbonate
Calcium (mg/dL) 3 922 -0.45 —0.64t0 —0.25 <0.001 3.05 0.2 34.4
Calcium-phosphorus
product (mg?/dL2) 2 898 -3.82 —7.4710 —0.16 0.04 3.07 0.08 67.4
Alkaline phosphatase (IU/L) 2 824 29.01 2.281t055.74 0.03 2.04 0.2 51
Total cholesterol (mg/dL) — — — — — — — —
Bicarbonate (mEq/L) — — — — — — — —
Lanthanum carbonate v
placebo
Calcium (mg/dL) 1 93 0.35 0.04 t0 0.66 0.02 — — —
Calcium-phosphorus
product (mg?/dL?2) 1 93 —1420 —21.08to —7.37 <0.001 — — —

Alkaline phosphatase (IU/L) — — —
Total cholesterol (mg/dL) — — —
Bicarbonate (mEq/L) —_ — —

Note: Conversion factors for units: Calcium in mg/dL to mmol/L, X0.2495; total cholesterol in mg/dL to mmol/L, X0.02586.

Bicarbonate in mEg/L and mmol/L requires no conversion.

of sevelamer in comparison to calcium acetate’”
by using the Agatston scoring system. Similarly,
another study showed decreased progression of
coronary artery calcification with sevelamer com-
pared with calcium salts in incident hemodialysis
patients®® (Table 4). In contrast, a third study
compared sevelamer plus atorvastatin with cal-
cium acetate plus atorvastatin and reported simi-
lar coronary artery calcification progression in

both groups.®> There also was a study that re-
ported coronary artery calcium scores in 101
dialysis patients (using a modified Agatston scor-
ing system) and reported no difference in coro-
nary artery calcification progression between the
sevelamer and calcium groups (P = 0.59).**
Included studies used different scoring systems
to assess vascular calcification and thus could
not be pooled.
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Treatment Control Mean difference, Mean difference,
Study Mean SD Total Mean sSD Total weight, % 95% CI 95% CI
Calcium versus i carb
Borrego 2000 244 84 7 296 224 9 100.0 -52.00 [-211.02, 107.02] ——mF ——
Total (95% CI) 7 9 100.0 -52.00 [-211.02, 107.02] ——cesuSEiERNS—————
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.52)

versus
Barreto 2008 498 352 41 326 236 30 0.0 172.00 [35.10, 308.90]
Bleyer 1999 382 417 40 329 408 40 2.5 52.20 [-128.66, 233.06]
CARE-2 2008 434 359 70 316 212 59 7.9 118.00 [18.00, 218.00] —
Hervas 2003 330 205 18 346 250 22 4.1 -16.00 [-157.00, 125.00] 7
Qunibi 2004 131 0 50 158 0 48 Not estimable
Subtotal (95% CI) 219 199 14.5 65.93 [-16.80, 148.66] <l
Heterogeneity: Tau2 = 859.19; Chi2 = 2.35, df = 2 (P = 0.31); I2 = 15%
Test for overall effect: Z = 1.56 (P = 0.12)
versus calci cart
DeSanto 2006 210 41 8 118 56 8 29.7 92.00 [43.91, 140.09] —
Kingusa 2001 213 0 115 147 0 115 Not estimable
Koiwa 2005 194 163 16 171 139 20 7.9 23.00 [-77.45, 123.45]
Sadek 2003 239 168 15 199 198 16 4.9 40.00 [-89.00, 169.00] - 1
Shaheen 2004 97 114 20 91 87 20 18.7 6.00 [-56.85, 68.85] .
Subtotal (95% CI) 174 179 61.2 46.95 [-2.39, 96.29] o
Heterogeneity: Tau2 = 1003.48; Chi2 = 5.05, df = 3 (P = 0.17); I2 = 41%
Test for overall effect: Z = 1.87 (P = 0.06)
Sevelamer versus calcium salts (calcium and calci car
Block 2005 298 152 54 243 136 55 24.3 55.00 [0.82, 109.18] —
Chertow 2002 224 0 99 138 0 101 Not estimable
DCOR 2007 278 0 774 226 0 768 Not estimable
Subtotal (95% CI) 927 924 24.3 55.00 [0.82, 109.18] o
Heterogeneity: Not applicable
Test for overall effect: Z = 1.99 (P = 0.05)
Total (95% CI) 1320 1302 100.0 55.57 [26.69, 84.45] L 2
Heterogeneity: Tau2 = 129.70; Chi2 = 7.54, df = 7 (P = 0.38); 12 = 7%
Test for overall effect: Z = 3.77 (P = 0.0002)
L versus i carb e
D'Haese 2003 251 239 533 221 273 267 100.0 29.78 [-8.87, 68.43]
Total (95% CI) 533 267 100.0 29.78 [-8.87, 68.43] <
Heterogeneity: Not applicable
Test for overall effect: Z = 1.51 (P = 0.13)
Lanth versus placeb
Joy 2003 209 152 49 292 195 44 100.0 -83.00 [-154.63, -11.37] -/ .
Total (95% CI) 49 44 100.0 -83.00 [-154.63, -11.37] -
Heterogeneity: Not applicable
Test for overall effect: Z = 2.27 (P = 0.02)
+ t t t
-200 -100 0 100 200

Increase in serum
parathyroid hormone
in pg/mL

Decrease in serum
parathyroid hormone
in pg/mL

Figure 4. Effect of phosphate binders on end-of-treatment parathyroid hormone concentration (pg/mL) in people with
chronic kidney disease. Parathyroid hormone in pg/mL and ng/L requires no conversion. Abbreviation: Cl, confidence

interval.

Bone Outcomes. Lanthanum carbonate de-
creased the number of patients developing low-
turnover bone disease in comparison to calcium
carbonate’® and resulted in improvement in bone
volume in comparison to standard phosphate-
binder therapy’® (Table 4). Aluminum-like ef-
fects on bone were not noted in follow-up studies
that assessed the safety of lanthanum carbon-
ate.”® Based on electron beam computed tomo-
graphic results, 1 study reported a significant

decrease in trabecular bone attenuation and a
trend toward a decrease in cortical bone attenua-
tion (P = 0.05) in thoracic vertebrae with sevel-
amer compared with calcium salts.® In another
study enrolling 101 dialysis patients, there was
no difference in bone remodeling between the
sevelamer and calcium groups at the end of 1
year of follow-up.®' Another study reported in-
creased bone formation and improved trabecular
architecture, but no significant change in bone



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 No. of
Duration (mo) Participants

Outcomes Analyzed

Key Findings

Barreto et al,®2 2008

Block et al,®* 2005

Chertow et al,3” 2002

Qunibi et al (CARE-2),%5

2008

Raggi et al,®2 2005t

Russo et al,*¢ 2007

D’Haese et al,>° 2003

Phelps et al,2” 2002

Ferreira et al,*' 2008

Malluche et al,>® 2008

Sevelamer v calcium acetate

Sevelamer v calcium
carbonate + calcium
acetate

Sevelamer v calcium acetate

Sevelamer + atorvastatin v
calcium acetate +
atorvastatin

Sevelamer v calcium acetate

Sevelamer v calcium
carbonate v
low-phosphorus diet

Lanthanum carbonate v
placebo

Calcium acetate, 2 g/d, v
calcium acetate, 6 g/d

Sevelamer v calcium
carbonate

Lanthanum carbonate v
standard
phosphate-binder therapy

12 101
18 129
12 132
12 203
12 111
24 90
12 98
18 24
12 91
24 211

(1) CAC scores using electron beam computed
tomography, (2) bone histomorphometry
CAC scores by using electron beam computed

tomography

Vascular calcification scores* (Agatston
scores) using electron beam computed

tomography

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

Thoracic vertebral bone attenuation using
electron beam computed tomography

CAC scores using electron beam computed

tomography

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
BMD at lumbar spine, femoral neck, and
greater trochanter by using DEXA
Mineralization lag time, changes in bone
turnover, development of osteomalacia,

adynamic bone disease

Bone histomorphometry analyzing changes in
bone turnover, mineralization, bone volume,

and lanthanum content in bone

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

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

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

Coronary calcification scores were similar in both groups

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

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

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

(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

No significant difference between treatment groups

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

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.

1Substudy of Chertow 2002.3”
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turnover or mineralization, with sevelamer in
comparison to calcium salts.*' A formal meta-
analysis could not be performed for the inci-
dence of fracture because of insufficient data.

Investigation for Sources of Heterogeneity by
Subgroup Analysis

Because heterogeneity was observed in many
analyses, we explored the potential sources of
heterogeneity by using subgroup analysis (Table
5). This was possible for trials comparing either
sevelamer hydrochloride or lanthanum carbonate
with calcium salts, whereas other treatment com-
parisons contained too few trials. Some covari-
ates, including measures of trial quality (blinding
and intention-to-treat analysis), patient character-
istics (baseline PTH concentration), and study
characteristics (study duration), were significant
effect modifiers on some outcomes. However,
data often were insufficient to allow definitive
conclusions to be drawn.

DISCUSSION

Our systematic review has identified a large
number of RCTs that examine phosphate binders
in people with CKD. These trials have not shown
that phosphate binders compared with placebo or
calcium salts compared with non—calcium- or
aluminum-containing agents decrease all-cause
or cardiovascular mortality. As expected, all phos-
phate binders decreased serum phosphorus lev-
els compared with placebo; however, newer
agents (lanthanum carbonate and sevelamer) did
not result in consistently superior biochemical
outcomes compared with calcium-based thera-
pies. Rather, in direct comparisons (head-to-head
studies), calcium salts were superior to sevel-
amer for reduction of serum phosphorus levels.
Compared with calcium salts, sevelamer and
lanthanum carbonate were associated with sig-
nificantly lower rates of treatment-related hy-
percalcemia, which may result in decreased vascu-
lar calcification. The differential effect on serum
calcium and phosphorus levels resulted in in-
creased PTH suppression by treatment with cal-
cium compared with sevelamer. The efficacy of
available phosphate-binding agents on the surro-
gate outcomes of bone mineral density or histo-
morphometry and vascular calcification have been
reported heterogeneously in few studies, and
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reliable conclusions could not be drawn through
meta-analysis.

Sevelamer was associated with lower serum
calcium, higher phosphorus, and higher PTH
levels at the end-of-treatment period compared
with calcium salts. This may be caused by non-
compliance, resulting in less phosphorus reduc-
tion with sevelamer, or because it is less effective
at the relative doses used. Various gastrointesti-
nal adverse effects, such as constipation, abdomi-
nal bloating, dyspepsia, nausea, and vomiting,
were reported with sevelamer and calcium salts
in clinical trials. Although most individual stud-
ies reported no significant difference in gastroin-
testinal side effects between sevelamer and calcium
salts, there was significantly greater occurrence
with sevelamer when studies were pooled. This
also might have contributed to lower compliance
and higher pill burdens reported for sevelamer.
Sevelamer resulted in lower end-of-treatment
serum calcium levels, which might have contrib-
uted to the greater PTH levels noted.

The DCOR Study, the largest trial (n = 2,103)
conducted to date, reported no difference in risk
of all-cause mortality between sevelamer and
calcium salts,?® except for a subgroup analysis in
patients older than 65 years who completed a
2-year follow-up. Because of the size of this
study, DCOR was very influential and contrib-
uted 46% of the weight in our all-cause mortality
analysis. Exclusion of this study resulted in a
similar, but smaller, risk of all-cause mortality
(RR,0.59[95% CI, 0.35to 1.01] versus RR, 0.75
[95% CI, 0.48 to 1.16]). Given the limitations of
the analysis by Suki et al,*® we also conducted a
sensitivity analysis using data from St Peters et
al,°® who used Centers for Medicare & Medicaid
Services claims data to reassess the DCOR trial
results. The risk of all-cause mortality was un-
changed (RR, 0.75; 95% CI, 0.56 to 1.33) by
using these data.

The occurrence, progression, and prognostic
importance of vascular calcification are impor-
tant questions in CKD, and the influence of
calcium-based binders on progression of vascu-
lar calcification is a matter of intense debate.®””"°
Two studies in the present analysis reported a
greater rate of progression of vascular calcifica-
tion with calcium salts compared with sevel-
amer,>**” whereas 1 study showed no difference
in 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% ClI)/

No. of Trials

Relative Risk (95% ClI)/

No. of Trials

P

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

P

Weighted Mean Difference

(95% Cl)/No. of Trials

Older v newer agents

Sevelamer & lanthanum v calcium carbonate
Sevelamer & lanthanum v calcium acetate

Baseline PTH (pg/mL)
<150
150-300
>300
Type of calcium assay
Corrected calcium
Absolute calcium
lonized calcium
Washout of phosphate binder
Yes
No
Study duration (mo)
<6
6-12
>12
Allocation concealment
Adequate
Unclear
Blinding
Yes
No
Intention-to-treat analysis
Yes
No
Lost to follow-up (%)
0
1-10
10-20
>20
No. of trial participants
1-20
20-50
50-100
>100
Baseline phosphorus (mg/dL)
<55
5.5-7.0
7.0-8.0
>8.0

0.75 (0.39 to 1.44)/4
0.64 (0.21 to 1.94)/2

0.44 (0.04 to 4.3)/2
0.81(0.48 t0 1.37)/4

0.56 (0.29 to 1.07)/4
1.12 (0.96 to 1.29)/2

0.75 (0.44 to 1.27)/5

0.43(0.14 10 1.27)/3
0.90 (0.53 to 1.53)/3

0.57 (0.31 t0 1.03)/2
0.79 (0.39 to 1.62)/4

0.88 (0.58 to 1.35)/5

0.67 (0.35 10 1.26)/5
1.22 (0.38 to 1.34)/1

1.22 (0.38 to 3.88)/1
0.67 (0.35t0 1.26)/5

1.00 (0.15 to 6.42)/1
0.72 (0.40 to 1.30)/5

0.53 (0.28 to 1.00)/1
0.57 (0.18 10 1.79)/2
1.22 (0.38 to 3.88)/1
1.00 (0.15 to 6.42)/1

0.8

0.6

NA

0.2

0.5

NA

0.4

0.4

0.7

0.6

0.45 (0.28 10 0.73)/5
0.20 (0.07 to 0.50)/6

0.02 (0.00 to 0.08)/1
0.30 (0.16 t0 0.56)/5
0.42 (0.16 10 0.54)/5

0.25 (0.1 to 0.55)/7
0.31(0.14 10 0.68)/4

0.27 (0.15t0 0.48)/10
0.36 (0.04 to 3.05)/1

0.24 (0.13 t0 0.46)/5
0.62 (0.42 t0 0.89)/2
0.16 (0.04 to 0.62)/4

0.41 (0.24 10 0.68)/5
0.21 (0.07 o 0.60)/6

0.36 (0.10 to 1.28)/1
0.27 (0.15 0 0.47)/10

0.49 (0.37 0 0.66)/6
0.15 (0.04 to 0.44)/5

0.21(0.10 0 0.43)/3
0.15 (0.02 to 1.26)/3
0.49 (0.33 10 0.72)/5

0.27 (0.08 to 0.83)/1
0.35 (0.04 to 0.62)/1
0.31(0.14 10 0.68)/4
0.24 (0.09 to 0.62)/5

0.41 (0.23 to 0.70)/1
0.61 (0.38 t0 1.00)/2
0.31(0.1210 0.76)/5
0.42 (0.22 10 0.79)/3

0.1

<0.001

0.7

0.8

0.01

0.3

0.7

0.03

0.07

0.9

0.1

51.72 (17.66 t0 85.78)/5
62.02 (—21.97 to 146.03)/3

42,53 (8.26 10 76.81)/8
118.00 (8.18 to 218.0)/1

57.89 (24.55 t0 91.24)/8
26.58 (—10.70 to 63.86)/3

58.16 (27.43 to 88.89)/9
29.42 (—49.84 t0 108.7)/2

17.61 (—29.91 t0 65.12)/6
59.17 (—38.19 to 156.54)/2
49.95 (11.66 to 88.25)/4

49.95 (11.66 to 88.25)/4
67.29 (28.73 to 105.86)/6

47.95 (23.78 to 72.13)/11

54.78 (25.90 to 83.66)/8

30.76 (~7.04 to 68.56)/3
6.00 (—56.85 to 68.85)/2
58.32 (15.72 to 100.92)/4

51.48 (—32.66 to 135.6)/2
40.00 (89.00 to 169.0)/1
27.08 (~7.23 to 61.40)/5
71.91 (17.19 to 126.62)/4

55.00 (0.82 to 109.18)/1

88.72 (9.69 to 167.25)/1

92.00 (43.91 to 140.90)/4
6.92 (—47.80 to 61.63/3

0.8

0.2

0.4

0.2

0.6

0.3

NA

NA

0.5

0.7

0.2

0.09 (—0.06 t0 0.25)/10
0.41 (0.00 t0 0.82)/6

0.10 (—0.13 10 0.33)/1
0.11 (~0.19 10 0.43)/7
0.31(0.02 10 0.60)/8

0.13 (—0.11 10 0.37)/9
0.28 (0.01 to 0.54)/7

0.18 (0.01 to 0.36)/14
0.36 (—0.32t0 1.05)/2

0.48 (0.11 t0 0.85)/7
—0.30 (—0.65 t0 0.03)/3
0.11(0.01t0 0.21)/6

0.19 (—0.02 to 0.40)/7
0.19 (—0.03 t0 0.43)/9

1.30 (0.68 to 1.91)/1
0.11 (~0.01 t0 0.23)/15

0.22 (0.01 to 0.45)/7
0.16 (~0.13 10 0.46)/9

0.49 (~0.01 10 0.99)/5
0.18 (~0.10 10 0.47)/4
0.05 (~0.13 10 0.25)/7

0.80 (0.19 to 1.41)/1
0.20 (—0.52 10 0.92)/2
0.44 (0.00 to 0.88)/6
0.06 (—0.01 10 0.19)/7

0.10(
0.30 (
0.63 (
0.52 (

~0.2210 0.42)/1
~0.1310 0.72)/6
-0.65 to 1.90)/5

—0.09 to 1.14)/4

0.2

0.5

0.4

0.8

0.008

0.9

<0.001

0.7

0.3

0.05

0.5

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, X0.3229. PTH in pg/mL and ng/L requires no conversion.

Abbreviations: ClI, confidence interval; NA, not applicable; PTH, parathyroid hormone.

ce9

|B 16 uByjosuBABN



Phosphate Binders in CKD

cium salts.** The possibility that the cholesterol-
lowering effect of sevelamer may contribute to
this effect (rather than hypercalcemia from cal-
cium salts) cannot be excluded based on the
recently published CARE-2 (The Calcium Ace-
tate Renagel Evaluation-2) study.* Although vas-
cular calcification is associated with increased
risk of mortality in hemodialysis patients, the
impact of decreasing vascular calcification on
survival outcomes has not been shown in random-
ized intervention trials.®” As shown by the recent
negative results of the AURORA (A Study to
Evaluate the Use of Rosuvastatin in Subjects on
Regular Hemodialysis: An Assessment of Sur-
vival and Cardiovascular Events) study (analyz-
ing the beneficial effects of statins in dialysis
patients), even such a universally accepted surro-
gate end point as low-density lipoprotein choles-
terol level may not predict such patient-centered
end points as mortality in a different setting, such
as dialysis, in which the causal pathway to cardio-
vascular end points and death may be differ-
ent.”""”? A surrogate end point must be validated
and tested in specific settings before validating
assumptions that modifying the surrogate marker
will reduce clinical outcomes.

Sevelamer has not been well studied in pa-
tients with CKD stages 3 to 5 (not requiring
dialysis), except for a single study.*® Therefore,
this systematic review can only inform the thera-
peutic use of sevelamer and calcium salts in
dialysis patients and for only surrogate biochemi-
cal end points; it is still uncertain whether sevel-
amer reduces hypercalcemia and cardiovascular
disease in patients with stages 3 to 5 CKD com-
pared with calcium-based agents. Calcium salts
are recommended in predialysis patients by vari-
ous international guideline agencies for the con-
trol of hyperphosphatemia.'*”* Our review con-
firms that calcium carbonate and calcium acetate
are equally effective in decreasing phosphorus
and PTH levels with a similar incidence of hyper-
calcemia and gastrointestinal adverse events; we
identified only 2 studies conducted in predialysis
patients.”’27 Because few studies are available,
there currently is no strong RCT evidence (for
the outcomes of mortality and morbidity) for the
use of calcium-based phosphate binders in pa-
tients with earlier stages of CKD.

Few studies have analyzed the use of lantha-
num carbonate alone or in conjunction with
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calcium salts for phosphate binding in patients
with CKD. Lanthanum carbonate has been com-
pared with placebo and calcium carbonate in
dialysis patients, and available data confirm their
efficacy in decreasing phosphorus levels, similar
to calcium carbonate, with a decreased incidence
of hypercalcemia. Accumulation of lanthanum in
bone has been assessed in 1 study by means of
bone biopsy at the end of 2 years of treatment,
and no evidence of aluminum-like toxicity was
observed.”

To the best of our knowledge, this is the first
comprehensive systematic review of RCTs that
has assessed the benefits and harms of all phos-
phate-binding agents in patients with CKD. A
previous meta-analysis (including 17 prospec-
tive and retrospective studies comparing sevel-
amer hydrochloride with placebo) showed that
sevelamer compared with placebo or no treat-
ment improved biochemical end points (serum
phosphorus, Ca X P, PTH, and lipid levels)
without increased serum calcium levels. How-
ever, data for survival, hospitalization, and vascu-
lar calcification were not included.”* The inclu-
sion of both observational studies and RCTs in
that review decreased the strengths of its conclu-
sions through potential for bias and unknown
confounding. A second systematic review of 7
RCTs (746 patients) concluded that sevelamer
had similar effects on phosphorus and Ca X P
levels, with a lower incidence of hypercalce-
mia.”” Similar to the previous analysis, that re-
view focused on only the effects of sevelamer
and included some, but not all, available trials. A
more recent analysis by Tonelli et al’® (an update
of their previous review) analyzed the benefits of
sevelamer in comparison to calcium alone and
included 10 trials.”> This review did not assess
the role of other phosphate binders and did not
explore the risk of vascular calcification.”’

Our systematic review has a number of
strengths and some weaknesses. It is based on
prior publication of a prospectively designed
peer-reviewed protocol’® and a systematic search
of medical databases, data extraction, analysis,
and trial quality assessment by 2 independent
reviewers with supervision by a third experi-
enced investigator. The key findings are limited
by the lack of long-term studies analyzing the
efficacy of phosphate binders on mortality and
musculoskeletal morbidity. Most included stud-
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ies enrolled few patients (except for the large
DCOR trial), and all were powered to observe
differences in surrogate end points, rather than
patient-focused outcomes. This attention to surro-
gate rather than patient-level end points in pa-
tients with CKD is not new and should be super-
seded by focus on major patient-level end points
in future trials.”**%®' The strength of conclu-
sions drawn from this review also is limited by
suboptimal reporting of study methods to deter-
mine trial quality and significant heterogeneity
observed for many outcomes.

The primary advantage for more recently
developed phosphate binders (lanthanum car-
bonate and sevelamer) is a decrease in hyper-
calcemia in dialysis patients. Existing trials
using patient-focused end points in predialysis
patients are inadequate to inform clinical rec-
ommendations for any phosphate binder and
are required before advocating that newer
agents are superior to existing lower cost inter-
ventions. 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 expendi-
ture.®>®? This can be justified only by present-
ing evidence for improved clinical outcomes
of these agents compared with calcium salts.
Additionally, it should be remembered that to
date, no clinical trial has shown a survival
advantage for calcium salts (compared with
placebo or other agents).

Further research using an RCT design is re-
quired to assess the effect of surrogate biochemi-
cal end points (phosphorus, calcium, and PTH
levels) on mortality and morbidity in patients
with CKD. These might include trials of: (1)
direct comparisons between sevelamer, calcium
salts, and lanthanum carbonate in patients with
CKD with primary outcomes of all-cause and
cardiovascular mortality, fractures, hospitaliza-
tion, and parathyroidectomy; (2) any phosphate
binder to control hyperphosphatemia in patients
with CKD stages 3 and 4; or (3) the efficacy of
combination therapy (such as sevelamer with or
without calcium salts) on both surrogate and
patient-level end points.
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