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Abstract
Background and objectives Epidemiologic studies suggest that higher serum phosphaturic hormone ﬁbroblast
growth factor 23 levels are associated with increase morbidity and mortality. The aim of the FGF23 Reduction
Efﬁcacy of a New Phosphate Binder in CKD Trial was to evaluate the effect of sevelamer carbonate on serum
C-terminal ﬁbroblast growth factor 23 levels in normophosphatemic patients with CKD stage 3b/4.
Design, setting, participants, & measurements Patients with CKD, eGFR between 45 and 15 ml/min per 1.73 m2,
fasting serum phosphate concentration .3.1 mg/dl, and serum C-terminal ﬁbroblast growth factor 23 .80 relative
units/ml were included in our double-blind, placebo-controlled, randomized multicenter study. All patients
received 100,000 IU cholecalciferol at time of randomization. Participants received either placebo or sevelamer
carbonate 4.8 g daily during a 12-week period. Biologic parameters, including serum C-terminal ﬁbroblast growth
factor 23, intact ﬁbroblast growth factor 23, and a-klotho, were evaluated at baseline and 12 weeks after inclusion.
Results Of 96 screened patients, 78 (mean6SD age: 63613 years old; 70% men; mean eGFR: 2769 ml/min per
1.73 m2) met the inclusion criteria. At baseline, mean eGFR was 2769 ml/min per 1.73 m2, mean serum phosphate
level was 3.860.5 mg/dl, and median (interquartile range) serum C-terminal ﬁbroblast growth factor 23 level
was 157 (120–241) relative units/ml. After 12 weeks of treatment, urinary phosphate-to-creatinine ratio fell
signiﬁcantly in the sevelamer group. The sevelamer and placebo groups did not differ signiﬁcantly in terms of
median change in serum C-terminal ﬁbroblast growth factor 23 levels: the median (interquartile range) change was
38 (213–114) relative units/ml in the placebo group and 37 (21–101) relative units/ml in the sevelamer group
(P=0.77). There was no signiﬁcant difference in serum intact ﬁbroblast growth factor 23, a-klotho, or phosphate
levels changes between the two groups. Serum total and LDL cholesterol levels fell signiﬁcantly in the sevelamer
group.
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Conclusions In our double-blind, placebo-controlled, randomized study performed in normophosphatemic
patients with CKD, a 12-week course of sevelamer carbonate signiﬁcantly reduced phosphaturia without
changing serum phosphorus but did not signiﬁcantly modify serum C-terminal ﬁbroblast growth factor 23 and
intact ﬁbroblast growth factor 23 or a-klotho levels.
Clin J Am Soc Nephrol 12: 1930–1940, 2017. doi: https://doi.org/10.2215/CJN.03030317

Introduction
CKD is an established risk factor for cardiovascular
morbidity and mortality; it results in some extent from
disturbed mineral and bone metabolism, leading to
arterial calciﬁcation, increased pulse wave velocity,
left ventricular hypertrophy, and heart failure (1).
Hyperphosphatemia is a very common complication
in patients with advanced CKD (including those on
dialysis), and it is associated with severe morbidity
and increased mortality risk (2).
As CKD progresses, serum phosphate levels rise
progressively but generally remain within the normal range until late-stage CKD (stage 4 or 5). Fibroblast growth factor 23 (FGF23) is a recently identiﬁed
phosphaturic hormone. Serum FGF23 level may be a
sensitive early biomarker of phosphorus metabolism
1930
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disorders in patients with CKD and normal serum
phosphate levels (3). Elevated FGF23 is an independent risk factor for the progression to ESRD in patients
with CKD with relatively preserved residual kidney
function (4). Lastly, high serum FGF23 levels are
reportedly associated with vascular calciﬁcation (5),
left ventricular hypertrophy (6), cardiovascular events
(7,8), and mortality (9,10).
In addition to FGF23, its coreceptor a-klotho has
emerged as pivotal player in calcium-phosphate
homeostasis (11). There is growing interest in using
a-klotho as a biomarker of kidney function, because
low circulating a-klotho levels were associated with
adverse kidney disease outcomes (12). Most experimental studies supported that a-klotho deﬁciency
is associated with cardiovascular disease (13,14). In
www.cjasn.org Vol 12 December, 2017

Clin J Am Soc Nephrol 12: 1930–1940, December, 2017

Effect of Sevelamer on a-Klotho and FGF23, Liabeuf et al.

1931

noncalcium-based phosphate binder sevelamer carbonate
in normophosphatemic patients with CKD. The study’s
primary objective was to assess sevelamer carbonate’s effect,
relative to placebo, on serum C-terminal FGF23 levels. The
secondary objective was to evaluate the safety of sevelamer
administration and its effect on other CKD–mineral bone
disease markers, including a-klotho.
Figure 1. | Study design.

patients on dialysis, serum a-klotho was not independently
associated with cardiovascular disease in one study (15),
whereas other reports found an independent link between
low serum a-klotho and cardiovascular risk (16,17).
In France, different phosphate binders are currently
approved for the treatment of hyperphosphatemia. However, these drugs are approved only in patients on maintenance dialysis and hyperphosphatemic patients with CKD
not requiring dialysis. It has been suggested that the early
administration of phosphate binders in nondialyzed patients may decrease serum FGF23 levels and prevent its
detrimental consequences. Studies of the effects of dietary
and pharmacologic phosphate reductions on serum FGF23
levels in patients with CKD have yielded conﬂicting results.
Several researchers have reported that the administration of
various phosphate binders lowered serum FGF23 levels in
hyperphosphatemic patients on maintenance dialysis and
patients with CKD not requiring dialysis with normal or
elevated serum phosphate levels (18–22), whereas others
failed to ﬁnd evidence of a signiﬁcant decrease of serum
FGF23 levels (23–25). However, most of these studies were
single-center trials and were not placebo controlled, because
they compared calcium-based phosphate binders with
noncalcium phosphate binders. In addition, the effect of
phosphate binders on a-klotho has not been extensively
evaluated; two recent reports suggested an elevation of
serum a-klotho levels in patients on hemodialysis treated
with sevelamer carbonate (26,27).
The double-blind, placebo-controlled, parallel group,
randomized, multicenter trial entitled FGF23 Reduction
Efﬁcacy of a New Phosphate Binder in CKD (FRENCH)
was designed to evaluate the safety and efﬁcacy of the

Figure 2. | Study flow chart. ITT, intention to treat; PP, per protocol.

Materials and Methods
Study Design
The FRENCH double-blind, placebo-controlled, parallel
group, randomized, multicenter trial recruited 96 patients
between December of 2010 and December of 2012. After
screening, 78 patients were randomized by 14 nephrology
outpatient clinics in France: Amiens (Picardie), Valenciennes (Nord Pas de Calais), Rouen (Normandie), Nancy
(Lorraine), Saint Etienne (Rhone Alpes), Lyon (Rhone Alpes)
(two centers), Paris (Ile de France; two centers), Saint Ouen
(Ile de France), Marseille (Provence Alpes Côte d’Azur
[PACA]), Nice (PACA), Montpellier (Languedoc Roussillon),
and Bordeaux (Aquitaine). The study’s objectives and
procedures were approved by an independent investigational review board (CPP Nord Ouest II, Amiens,
France) and the French drug agency. The study was registered at clinicaltrials.gov (NCT01220843) in October of
2010.
Study Population
Each patient provided written informed consent to
participate in the study. The inclusion criteria were as
follows: age 18 years old or over; CKD stage 3b/4 (deﬁned
as an eGFR between 15 and 45 ml/min per 1.73 m2
according to the Modiﬁcation of Diet in Renal Disease
Formula); fasting serum phosphate concentration .3.1
mg/dl; serum C-terminal FGF23 concentration .80 relative units (RU)/ml; no concomitant treatment with a
phosphate binder; willingness to abstain from taking any
of the following medications during all of the study period:
antacids and phosphate binders containing aluminum, magnesium, calcium, or lanthanum and treatment for hyperparathyroidism (active vitamin D and calcimimetics) and
native vitamin D; no participation in any clinical trial using
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Table 1. Baseline characteristics of the randomized patients

Variables

All, n=78

Placebo, n=39

Sevelamer, n=39

Age, yr
Men, n (%)
Body mass index, kg/m2
GFR MDRD, ml/min per 1.73 m2
SBP, mmHg
DBP, mmHg
Serum C-terminal FGF23, RU/ml
Serum intact FGF23, pg/ml
Serum a-klotho, pg/ml
Serum phosphorus, mg/dl
Serum calcium, mg/dl
Serum creatinine, mg/dl
Serum intact PTH, pg/ml
Serum 25 hydroxyvitamin D, ng/ml
Serum 1,25 dihydroxyvitamin D, ng/ml
CRP, mg/L
Serum triglycerides, mg/dl
Serum total cholesterol, mg/dl
Serum HDL cholesterol, mg/dl
Serum LDL cholesterol, mg/dl
Serum hemoglobin, g/dl
Urinary phosphate-to-urinary creatinine ratio, mmol/mmol
Urinary calcium-to-urinary creatinine ratio, mmol/mmol
Urinary creatinine, mmol/L

63613
55 (71)
2865
2769
142620
79610
157 (120–241)
72 (47–103)
809 (674–981)
3.860.5
9.460.4
2.660.9
97 (61–127)
31612
28 (22–40)
3 (2–8)
137 (93–200)
182642
54619
96639
12.661.4
2.060.6
0.160.1
5.862.2

63614
28 (72)
2865
28610
143620
80610
142 (120–221)
71 (42–118)
784 (648–1060)
3.960.5
9.360.4
2.660.8
103 (71–141)
29611
31 (23–39)
3 (2–4)
151 (97–256)
183639
53620
92639
12.561.3
2.060.5
0.160.1
5.461.8

63613
27 (69)
2865
2568
141620
78610
166 (120–249)
72 (53–109)
830 (714–927)
3.860.6
9.460.4
2.760.9
91 (58–123)
34618
26 (20–42)
5 (3–10)
136 (89–163)
179645
54619
99640
12.761.5
2.060.7
0.160.1
6.262.5

Data are quoted as the mean6SD for normally distributed variables, the median (interquartile range) for non-normally distributed
variables, or the number (percentage) for binary variables. GFR MDRD, GFR calculated with the Modiﬁcation of Diet in Renal Disease
formula; SBP, systolic BP; DBP, diastolic BP; FGF23, ﬁbroblast growth factor 23; RU, relative units; PTH, parathyroid hormone; CRP,
C-reactive protein.

an investigational product or device during the 30 days
preceding the ﬁrst protocol visit; and ability to read French
and understand the study objectives. To note, the inclusion
criterion in the initial protocol was a C-terminal FGF23
concentration .120 RU/ml. However, at the start of the
inclusion process, we found that this value was too high for
adequate recruitment, because there were only 18 patients
recruited in 1 year. Hence, we decided to draft an amendment to the protocol and lower the cutoff of C-terminal
FGF23. The amendment was approved by the investigational review board in September of 2011.
Main exclusion criteria included the use of phosphate
binders, active vitamin D, or calcimimetics; kidney transplantation or parathyroidectomy; a serum phosphate level
.5.6 mg/dl; a serum 25 hydroxyvitamin D level ,20 ng/ml;
a serum intact parathyroid hormone level ,30 or .600
pg/ml; a serum total calcium level ,8.4 mg/dl; predisposition to or the presence of intestinal or ileus obstruction or
severe gastrointestinal motility disorder (such as severe
constipation); previous major gastrointestinal surgery; alcohol or drug abuse (excluding tobacco and as judged by
the investigator); arrhythmia treated with an antiarrhythmic agent; epilepsy treated with an anticonvulsant; and
pregnancy or breastfeeding.
Study Procedures
After a screening visit, participants completed a 1- to 2week run-in period, during which baseline blood and urine
samples were collected. This was followed by a 12-week

treatment period with ﬁve follow-up visits (Figure 1). At
randomization, all patients received 100,000 IU cholecalciferol. Patients returned to the clinic 2, 4, 6, and 12 weeks
after randomization.
The study personnel and participants were blinded to the
use of phosphate binder. The study participants took a
dose of 4.8 g sevelamer (or placebo) three times a day for
12 weeks. If the serum phosphate level decrease below
2.5 mg/dl, the dose of treatment was divided by two.
Adherence to study medication was monitored via pill counts.
Treatment Allocation and Randomization
Centralized randomization was performed by the clinical
research unit at Amiens University Hospital. A data
manager conﬁgured an interactive web response system
(running Ennov Clinical software V6.2; Ennov SA, Paris,
France) to randomize patients using a minimization algorithm. The randomization was stratiﬁed by center and took
account of the initial circulating concentration of C-terminal
FGF23 (FGF23#250 RU/ml versus FGF23.250 RU/ml).
A list of codes was randomly generated and then sent to
the subcontractor responsible for drug labeling.
After informed consent was signed at visit 0, each patient
received a unique ﬁve-digit patient number: the ﬁrst two
digits corresponded to the center number, and the next
three began at 001 and increased with inclusion at each
center. When the patient’s eligibility was conﬁrmed at visit
1, the nephrologist investigator entered the patient into the
interactive web response system, which then indicated the
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Table 2. Change over time in clinical biochemistry parameters during the study period

Variables
Serum C-terminal FGF23, RU/ml
Placebo
Sevelamer
Serum intact FGF23, pg/ml
Placebo
Sevelamer
Serum phosphorus, mg/dl
Placebo
Sevelamer
Serum calcium, mg/dl
Placebo
Sevelamer
Serum intact PTH, pg/ml
Placebo
Sevelamer
Serum creatinine, mg/dl
Placebo
Sevelamer
GFR MDRD, ml/min per 1.73 m2
Placebo
Sevelamer

Visit 1

Visit 2

Visit 3

Visit 4

Visit 5

142 (120–221)
166 (120–249)

204 (119–274)
200 (122–306)

175 (116–258)
212 (131–299)

212 (126–253)
222 (132–298)

236 (128–273)
238 (142–276)

71 (42–118)
72 (53–109)

104 (56–162)
113 (73–168)

101 (79–135)
113 (87–180)

102 (73–187)
110 (77–147)

112 (74–204)
129 (78–159)

3.960.5
3.860.5

3.960.7
3.860.7

3.860.6
3.660.6

3.960.7
3.760.7

3.960.6
3.760.6

9.360.5
9.460.4

9.360.5
9.460.5

9.260.4
9.460.5

9.360.4
9.360.5

9.360.4
9.360.6

103 (71–141)
91 (58–123)

93 (62–115)
79 (52–141)

98 (72–134)
94 (67–147)

87 (67–140)
87 (52–158)

96 (67–123)
96 (68–126)

2.660.8
2.660.8

2.660.8
2.660.8

2.660.8
2.660.8

2.660.8
2.660.8

2.660.8
2.660.8

28610
2568

2768
2669

2869
2668

2769
2768

2868
2669

Data are quoted as the mean6SD for normally distributed variables and the median (interquartile range) for non-normally distributed
variables. FGF23, ﬁbroblast growth factor 23; RU, relative units; PTH, parathyroid hormone; GFR MDRD, GFR calculated with the
Modiﬁcation of Diet in Renal Disease formula.

code of the treatment allocation of the patient. At each
investigating center, the central pharmacy delivered the
corresponding treatment (placebo or sevelamer carbonate) to
the patient. This allocation procedure was repeated when
treatment was handed over to the patient at visit 3. Only the
study’s data manager and the subcontractor responsible for
drug labeling had access to the listing indicating the correspondence between the unit treatment number and the type
of treatment (placebo or sevelamer carbonate).
Clinical and Laboratory Evaluations
All patients underwent a clinical examination and an
interview (to establish their personal medical history). Age,
sex, anthropometric data, and medication use were recorded.
Fasting blood samples and 24-hour urine samples were
collected after inclusion in the study and at each study visit.
All of the samples were assayed for C-terminal FGF23 in the
same central laboratory using an ELISA (Human FGF23
C-Terminal ELISA Kit; Immutopics International, San
Clemente, CA; intra-assay coefﬁcient of variation:
,2.4%; interassay coefﬁcient of variation: ,4.7%; limit
of detection: 1.5 RU/ml).
Serum human intact FGF23 was measured according to
the manufacturer’s instructions using an ELISA (Human
FGF23 Intact ELISA Kit; Immutopics International; intraassay coefﬁcient of variation: ,4.1%; interassay coefﬁcient
of variation: ,9.1%; limit of detection: 1.5 pg/ml) along
with human soluble a-klotho (Human Soluble a-Klotho
Assay Kit; Immuno Biologic Laboratories Co. Ltd., Fujioka,
Japan; intra-assay coefﬁcient of variation: ,3.6%, interassay coefﬁcient of variation: ,11.4%; limit of detection:
6.15 pg/ml).

Outcomes
The primary efﬁcacy criterion was the change in the Cterminal FGF23 level from baseline (randomization) to
week 12. Secondary outcomes included changes in serum
mineral metabolism parameters, cholesterol, and urinary
parameters.
Statistical Analyses
Sample Size Determination. We estimated that a sample size of 80 patients would detect a 30% reduction in
median C-terminal FGF23 levels in the sevelamer carbonate
group compared with the placebo group after 3 months
(30% reduction was obtained in a previous study [21])
with a power of 90%, a two-sided a-risk of 5%, and an
anticipated dropout rate of 15% (in a Wilcoxon–Mann–
Whitney test on the basis of the conservative assumption
of a normal distribution of changes in serum C-terminal
FGF23 levels after 12 weeks compared with baseline).
Analyses. All randomized patients were included in an
intention to treat analysis. The per protocol population
comprised all randomized patients who were protocol
compliant 12 weeks after randomization. Data were expressed as the mean6SD, median (interquartile range
[IQR]), and range or frequency as appropriate. Patients
were stratiﬁed by treatment group. Intergroup comparisons
were performed with a chi-squared test (for categorical
variables) and t test or the Mann–Whitney test (for continuous variables). We compared the change over time between randomization and week 12 in C-terminal FGF23
and other parameters in the two study groups and also
tested for signiﬁcant changes from baseline to week 12
within each study group in a repeated measures ANOVA.
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Figure 3. | No significant difference between the treatment groups for serum C-terminal fibroblast growth factor 23 (FGF23) level or in related
variables. Except where noted otherwise, the band within each box marks the median, the ends of the boxes mark the first and third quartiles, and the
whiskers mark the range. Change in (A) serum C-terminal fibroblast growth factor 23 level, (B) serum phosphorus (mean change; error bars indicate
SD), (C) serum intact FGF23 levels, (D) serum a-klotho level and phosphorus level, (E) phosphaturia-to-creatinuria ratio level, (F) serum parathyroid
hormone (PTH) level, and (G) serum 1,25 dihydroxyvitamin D.

Response to treatment was deﬁned as a decrease in Cterminal FGF23 levels of at least 30%. A chi-squared test
was used to compare the treatment responses in the two
groups. Safety (including adverse events reports) was
analyzed in each study group. The threshold for statistical
signiﬁcance was set to P#0.05. All statistical analyses were
performed using SPSS software (version 18.0; SPSS Inc.,
Chicago, IL) for Windows (Microsoft Corp., Redmond,
WA) and SAS software (version 9.2; SAS Institute Inc.,
Cary, NC).

group, there was no change in the prescribed dose (4.8 g)
during the study period.
The baseline characteristics of randomized patients are
summarized in Table 1; the two treatment groups did not
differ signiﬁcantly, with the exception of higher 25 hydroxyvitamin D levels in the sevelamer group than in the
placebo group. The patient mean6SD age was 63613 years
old, 55 were men (71%), the mean eGFR was 2769 ml/min
per 1.73 m2, the mean serum phosphate level was 3.860.5
mg/dl, and the median serum C-terminal FGF23 level was
157 (IQR, 120–241) RU/ml.

Results

Primary Efficacy Criterion
The sevelamer and placebo groups did not differ significantly in terms of the median change in C-terminal FGF23
levels (P=0.77), because this parameter did not change
signiﬁcantly in either group. Indeed, in the placebo group,
the median change was 38 (IQR, 213–114) RU/ml given a
median level of 236 (IQR, 128–273) RU/ml (Table 2) after 12
weeks of treatment. In the sevelamer group, the median
change was 37 (IQR, 21–101) RU/ml given a median of 238
(IQR, 142–276) RU/ml at the end of study. The per protocol
analysis gave similar results (Figure 3A). At the second visit

The Study Population
A total of 96 patients were screened; 78 met the inclusion
criteria and were randomized to receive placebo (n=39) or
sevelamer carbonate (n=39). The main reason for noninclusion was a serum C-terminal FGF23 level below the
chosen cutoff. The intention to treat and per protocol
populations were made up of 78 and 64 randomized
patients, respectively (Figure 2). The mean adherence rate
was 88% in the placebo group and 86% in the sevelamer
group in the intention to treat population. In the sevelamer
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Figure 3. | Continued.

after randomization, the C-terminal FGF23 level had increased by about 30% in both treatment arms (Table 2).
There were two responders (deﬁned as a $30% fall in
C-terminal FGF23) in the placebo group and one in the
sevelamer carbonate group. Only 20 patients (ten in each
group) displayed a fall in the C-terminal FGF23 level after
12 weeks of treatment. In this subset, there were no
signiﬁcant correlations between the change in C-terminal
FGF23 levels and the baseline C-terminal FGF23 level or
the change in other biomarkers of mineral bone disease.
Secondary Efficacy Criteria
The sevelamer and placebo groups did not differ significantly in terms of the change in serum phosphate levels.
The serum phosphate level was stable in the placebo and
sevelamer groups (Figure 3B). There was no intergroup
difference in the change in intact FGF23 levels (Figure 3C)
and a-klotho levels (Figure 3D). After 12 weeks of treatment, the urinary phosphate-to-creatinine ratio fell significantly between baseline and week 12 in the sevelamer
group (2.0360.64 mmol/mmol at randomization to
1.6560.57 mmol/mmol at week 12; P=0.003), when it is
stable in placebo group (Figure 3E). There was no intergroup difference in the change in serum parathyroid
hormone levels (Figure 3F) and 1,25 dihydroxyvitamin D
levels (Figure 3G).

The sevelamer and placebo groups differed signiﬁcantly
with regard to the change of serum total cholesterol and
LDL cholesterol levels at week 12 (P,0.001 and P=0.001,
respectively). The mean decrease in total cholesterol was
21625 mg/dl in the sevelamer group and 2630 mg/dl in
the placebo group (P,0.001). (Figure 4).
Changes in other serum (i.e., calcium, creatinine, urea,
albumin, C-reactive protein, total alkaline phosphatases,
and 25 hydroxyvitamin D) and urinary (calcium, urea, and
creatinine) parameters were similar in the sevelamer and
placebo groups.
Adverse events were more frequent in the sevelamer
group (Table 3). A number of serious adverse events
occurred but were not considered to be linked to the
investigational product. Most of the adverse events
affected the gastrointestinal system. It is noteworthy
that patients who experienced gastrointestinal side effects
and those who did not showed similar changes in Cterminal FGF23 levels. None of the patients displayed a
serum phosphate level below 2.5 mg/dl during the study,
and therefore, no dose adjustment was required.

Discussion
In the FRENCH double-blind, placebo-controlled, parallel group, randomized, multicenter study, we failed to
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Figure 4. | Total and LDL cholesterol decreased more for the sevelamer group. Change in (A) serum total cholesterol level and (B) serum LDL
cholesterol.

show a statistically signiﬁcant difference in the change in
serum C-terminal and intact FGF23 levels and a-klotho
comparing patients with CKD stage 3b/4 treated with
placebo with those receiving sevelamer for 12 weeks. The
FRENCH Trial is a robust multicenter study of the effect of
sevelamer carbonate on FGF23 levels and a-klotho levels in
patients with CKD stage 3b/4. In addition to the doubleblind, placebo-controlled design, the study featured pill
counts to provide a reliable estimate of adherence to
treatment.
Targeting FGF23 in patients with early-stage CKD seems
to be a valid approach: (A) FGF23 concentrations rise early
in the course of disease, before increases serum phosphate
levels (3), and (B) there is a strong association between
elevated FGF23 and mortality (9). However, lowering
FGF23 by reducing intestinal absorption of phosphate via
oral phosphate binders and/or the restriction of dietary
phosphate has shown inconsistent results—particularly in

nondialyzed patients with CKD. Furthermore, there is
marked interstudy heterogeneity in terms of methodologies, patient populations with CKD, and comparator
treatments. Our results agree with the ﬁndings of a recent
single-center, placebo-controlled trial, in which the change
in serum C-terminal FGF23 levels was similar in the
placebo and sevelamer groups (25). Comparisons of lanthanum carbonate and placebo have yielded similarly
negative results in normophosphatemic, nondialyzed patients with CKD (19,24,28). Recently, Spatz et al. (23)
reported that serum C-terminal FGF23 levels did not
signiﬁcantly decrease in hyperphosphatemic patients
with advanced CKD during sevelamer carbonate treatment. However, the study by Spatz et al. (23) was not
randomized and lacked a control group. Randomized studies
comparing calcium-based binders with noncalcium-based
binders suggest that the latter (sevelamer [21,22] and
lanthanum [29]) have a greater lowering effect on serum
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Table 3. Summary of adverse events in the randomized study population (Medical Dictionary for Regulatory Activities 18.1 English,
classification)

Adverse Events
Serious adverse events
Related to investigational product
Cardiac disorders
Myocardial infarction
Reproductive system and breast disorders
Prostatitis
Renal and urinary disorders
Acute renal disease
Urinary tract obstruction
Acute urinary retention
Nervous system disorders
Headache
Gastrointestinal disorders
Acute abdominal pain
Musculoskeletal and connective tissue disorders
Rhabdomyolysis
Chest pain
Vascular disorders
Hypertension
Injury, poisoning, and procedural complications
Fall
Nonserious adverse events
Surgical and medical procedure
Skin lesion excision
Skin and subcutaneous tissue disorders
Dyshidrosis
Redness
Renal and urinary disorder
Acute renal injury
Macroscopic hematuria
Nervous system disorder
Vertigo
Gastrointestinal disorders
Bloating
Gastroesophageal burning
Constipation
Diarrhea
Abdominal pain
Dysphagia
Nausea
Gastroesophageal reﬂux disease
Digestive disorder
Intestinal transit disorder
Vomiting
Musculoskeletal and connective tissue disorders
Arm pain
Leg pain
Muscular pain
Weakness of lower extremities
Polyarthralgia
Respiratory, thoracic, and mediastinal conditions
Breathlessness
Breathing difﬁcult
Vascular disorders
Orthostatic hypotension
Infections and infestations
Cervical abscess
Dental infection
Urinary tract infection
Superinfection
Metabolism and nutrition disorders

Placebo

Sevelamer Carbonate

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
17
0 (0%)
0
0 (0%)
0
0
1 (6%)
0
1
0 (0%)
0
4 (23%)
1
0
0
0
1
0
0
0
0
1
1
3 (18%)
1
1
0
1
0
0 (0%)
0
0
1 (6%)
1
2 (12%)
0
1
1
0
1 (6%)

11
0
1 (9%)
1
1 (9%)
1
3 (27%)
1
1
1
1 (9%)
1
1 (9%)
1
2 (18%)
1
1
1 (9%)
1
1 (9%)
1
39
1 (3%)
1
2 (5%)
1
1
1 (3%)
1
0
1 (3%)
1
17 (43%)
1
1
4
5
0
1
2
1
1
0
1
2 (5%)
0
0
1
0
1
2 (5%)
1
1
0 (0%)
0
2 (5%)
1
0
0
1
4 (10%)
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Table 3. (Continued)
Adverse Events
Gout attack
Hyperkaliemia
Hypertriglyceridemia
General disorders and administration site conditions
Disease aggravation
Pain
Thoracic pain
Tiredness
Drug intolerance
Edema
Inﬂammatory reaction
Neoplasms: benign, malignant, and perinatal conditions
Lipoma

FGF23 levels in normo- or hyperphosphatemic nondialyzed
patients. A signiﬁcant difference between the two arms
might be related to the fact that treatment with the
comparator (calcium carbonate) is often associated with
an increase in FGF23 levels.
In this study, all of the patients were free from vitamin D
deﬁciency, because they received 100,000 IU cholecalciferol
at the time of randomization. The increase of FGF23
concentrations after the vitamin D repletion could prevent
us from detecting an effect of sevelamer carbonate on
FGF23 compared with placebo. However, this vitamin D
supplementation mimed clinical practice, where the use of
cholecalciferol supplementation is very frequent. Indeed,
Mariani et al. (30) found 44% vitamin D supplementation
among nondialysis patients with CKD and eGFR of 42.1
ml/min per 1.73 m2 in multicenter, prospective, observational cohort study of 3939 participants.
It was recently reported that a 12-week treatment with a
novel, iron-based phosphate binder (ferric citrate hydrate)
resulted in a signiﬁcant reduction in intact FGF23 levels in
hyperphosphatemic patients with advanced CKD (mean
eGFR: 966 ml/min per 1.73 m2) (31). The combination of
dietary phosphate restriction with phosphate binder treatments seems to be more effective than either approach
alone (32,33), although the magnitude of the reported
decrease varies from one study to another.
In contrast to the literature data from patients on
hemodialysis, we failed to observe a change in serum
phosphate in the sevelamer group. This is in agreement
with other studies in patients with CKD stages 3–5, which
failed to show a larger change in serum phosphate with the
use of phosphate binders (19,21,25,28,34). Indeed, in a
recent controlled trial of three commercially available
phosphate binders, Block et al. (25) reported a slight
reduction in serum phosphate levels (mean serum phosphorus declined from 4.2 to 3.9 mg/dl over 9 months).
However, a recent study of a crossover dietary intervention
(to evaluate the circadian patterns of serum phosphate in
patients with CKD [32]) found that serum phosphate levels
were consistently at their lowest in the morning and at their
highest in the middle of afternoon. Given that most studies
of phosphate binders have evaluated fasting (morning)
serum phosphate concentrations, the effects of binders on
serum phosphate may have been underestimated. Hence,

Placebo

Sevelamer Carbonate

0
0
1
5 (29%)
1
0
1
1
0
2
0
0 (0%)
0

1
3
0
6 (15%)
0
1
0
0
1
3
1
1 (3%)
1

these new data raise the question of whether morning
phosphate sampling should be routinely performed in
therapeutic studies of phosphate binders. Lastly, we observed
a signiﬁcantly decrease in urinary phosphate-to-creatinine
ratio levels (in contrast to serum levels) in the sevelamer
group, meaning that adherence to treatment was reliable and
that sevelamer reduced intestinal phosphate absorption.
Correction of a-klotho deﬁciency could represent an
interesting therapeutic target to prevent kidney disease
progression and cardiovascular disease. Only limited data
(26,27) suggested an elevation of serum a-klotho levels in
patients treated with sevelamer. However, the quality and
thus, accuracy of the commercially available a-klotho
assays have been questioned. In this study, the sevelamer
and placebo groups did not differ signiﬁcantly in terms of
change in serum a-klotho levels.
As described above, we found that patients randomized
to the sevelamer group had signiﬁcantly lower total and
LDL cholesterol levels after 12 weeks of treatment (relative
to patients in the placebo group). Indeed, sevelamer binds
bile acids as well as phosphate in the gut, which contribute
to a reduction in serum LDL cholesterol levels in subjects
with CKD and subjects without CKD (35). Indeed, sevelamer
is known to lower serum LDL and total cholesterol levels in
predialysis patients with CKD (22,36,37).
The most common adverse events reported in the study
were gastrointestinal disorders (such as constipation and
diarrhea), which are frequently reported by patients taking
phosphate binders. Most of the symptoms were mild but
prompted patients to stop taking the study medication.
This study’s limitations included the lack of dietary
monitoring and a standardized diet due to logistic constraints and the multicenter nature of the study. The value
of combining dietary phosphate restriction with the administration of phosphate binders for reducing FGF23
levels has been emphasized (19). However, our protocol
seems closer to the real life clinical use, in which phosphate
diet restriction is challenging to achieve in the long term.
Furthermore, we cannot rule out underdosing, poor compliance (despite the reduction in cholesterol levels), and
decreased statistical power due to small sample size.
Supplementation with cholecalciferol at inclusion induced
an increase in FGF23 levels (albeit to a similar extent in the
two treatments arms).
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The study’s main strength is its nationwide, multicenter
design, which is more representative of French population
care and decreases bias due to patient care practices in a
single center. One other strength was the screening for
FGF23 before randomization—although a higher cutoff
might have been required to see a reduction in FGF23
levels. Furthermore, the study was monitored to check
adherence to treatment; this aspect was especially valuable,
because study participants had to take as many as six pills
per day, which could represent a risk of nonadherence.
The FRENCH double-blind, placebo-controlled, parallel
group, randomized, multicenter trial evaluated the use of
the noncalcium-based phosphate binder sevelamer carbonate in nondialyzed patients with CKD. Sevelamer carbonate signiﬁcantly reduced phosphaturia but failed to
signiﬁcantly modify serum phosphate, C-terminal FGF23,
intact FGF23, or a-klotho levels. Our ﬁndings and other
recent data suggest that the widely used phosphate binder
sevelamer carbonate does not consistently decrease levels
of biomarkers of mineral disorders (including FGF23 and
phosphate). Accordingly, the putative beneﬁts of phosphate binders need to be evaluated in randomized, controlled trials with hard clinical end points (cardiovascular
events and mortality, for example).
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