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ABSTRACT

Background. The serum calcification propensity test (or T50 test) might become a standard tool for the assessment of
vascular calcification risk and T50 might be a valuable biomarker in clinical trials of treatments intended to slow the
progression of vascular calcification. Literature data suggest that non-calcium-containing phosphate binders can
influence T50 in chronic dialysed patients. However, it is not clear whether similar interventions are effective in patients
at earlier stages of chronic kidney disease (CKD).

Methods. The FGF23 Reduction: Efficacy of a New phosphate binder in CHronic kidney disease (FRENCH) trial was a
multicentre, double-blind, placebo-controlled, randomized trial of sevelamer carbonate in participants with stage 3b/4
CKD. In this subanalysis of the FRENCH data, T50 and other laboratory variables (including fetuin-A and ionized and
total magnesium) were measured centrally at baseline and after 12 weeks of

treatment.

Results. A total of 96 patients were screened and 78 (55 men and 23 women) met the inclusion criteria and were
randomized to receive placebo (n = 39) or sevelamer carbonate (n = 39). The median patient age was 66 years
[interquartile range (IQR) 56-72], the median eGFR was 25 ml/min/1.73 m? (IQR 21-30) and the mean T50 was

335 minutes (standard deviation 82). In a linear regression model, T50 was independently associated with serum ionized
magnesium, fetuin-A and bicarbonate levels and inversely associated with phosphate concentration. The within-group
changes in the mean T50 between week 0 and week 12 were not significant in the sevelamer group or the placebo group
{4.6 minutes [95% confidence interval (CI) —13.6-22.8; P = .61] and 7.8 minutes [95% CI —16.4-32.1; P = .51], respectively}.
Furthermore, we did not observe significant changes in fetuin-A and magnesium levels.
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Conclusion. A 12-week course of the non-calcium-containing phosphate binder sevelamer carbonate was not associated
with a significant change in T50 in patients with stage 3b/4 CKD. Phosphate binders might not be an effective strategy for
modifying serum calcification propensity in non-dialysis-dependent patients with CKD.

GRAPHICAL ABSTRACT

Jernf /

The effect of sevelamer on serum calcification propensity in

S;n:;cy’l patients with chronic kidney disease: the results of a multicentre,

IS double-blind, placebo-controlled, randomized clinical trial

Does sevelamer carbonate have an effect on serum calcification propensity (T50) in non-dialyzed
chronic kidney disease (CKD) patients (stage 3b—4) after 12 weeks of treatment (versus placebo)?

Methods Results

Trial design:

France MMM N=78
I I Multicentre, double-blind,

placebo-controlled RCT

Mean Between-groups
. Population: within-group difference at
H**M Patients with CKD stage 3b—4 Group Week 0  Week 12 change week 12

327(92) | 335(77) | 7.8 [-16.4; 32.1, p=0.51]
Intervention: T50 p=0.84
%ﬁ 12 weeks [:Placebo Sevelumer 347 (62) | 4.6 [-13.6; 22.8, p=0.61]

Sevelamer
carbonate
Endpoint: T50 was positively associated with ionized magnesium, fetuin A,
Serum calcification bicarbonate and negatively associated with phosphate.
E propensity: T50

Conclusion: The use of sevelamer carbonate was not associated with a Pluquet, M., et al.
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significant change in serum calcification propensity (versus placebo) in
non-dialyzed CKD patients after 12 weeks.
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KEY LEARNING POINTS

What was known:

e The serum calcification propensity test (or T50 test) reflects the capacity of an individual’s serum to resist the formation of
hydroxyapatite crystals when supraphysiological amounts of calcium and phosphate are added.

e T50 is inversely associated with cardiovascular events and all-cause mortality in non-dialysis CKD patients.

e In patients with CKD, the administration of phosphate binders has given conflicting results.

This study adds:

e T50 was associated with serum concentrations of ionized magnesium, fetuin-A and bicarbonate and inversely associated
with phosphataemia.

e Sevelamer carbonate had no significant effect on serum calcification propensity in non-dialysis CKD patients compared
with placebo.

Potential impact:

e Phosphate binders might not be effective for modifying serum calcification propensity in non-dialysis CKD patients.

INTRODUCTION to the progressive decline in the kidney’s ability to main-
tain homeostasis, which leads to alterations in ion balances

Chronic kid di CKD) i j blic health probl
ronic kidney disease ) is a major public health problem and mineral metabolism. Although the mortality rate from

worldwide [1]. The signs and symptoms of CKD are closely linked



cardiovascular disease is significantly higher in patients with
CKD than in the general population [2], the underlying patho-
physiological mechanisms are not fully understood. Indeed,
conventional cardiovascular risk factors do not appear to
fully explain the elevated cardiovascular risk in patients
with CKD.

On the one hand, vascular calcification contributes to car-
diovascular morbidity and mortality in patients with CKD [3],
while on the other, CKD increases the severity and progres-
sion of vascular calcification [4]. Vascular calcification is a cell-
mediated process [5] and features both the passive and ac-
tive deposition of calcium phosphate in the arterial wall. Under
physiological conditions, inhibitors of active mineralization pro-
tect blood vessels from the formation of stable hydroxyapatite
crystals [6].

Various biomarkers have been identified as potential ther-
apeutic targets or predictors of cardiovascular events and/or
vascular calcification [7]. However, these biomarkers are mainly
used in research rather than in routine clinical practice. Each
marker reflects a single, specific calcification pathway and
cannot be used alone to monitor the overall calcification
propensity.

Under physiological circumstances, the precipitation of
calcium and phosphate in the serum is prevented by the
formation of primary calciprotein particles (CPP I), which can
then be transformed into more harmful secondary CPP (CPP
IT). CPP II are internalized by endothelial and vascular cells and
induce a pro-inflammatory response, cellular dysfunction, cell
death and calcification of vascular smooth muscle cells. In turn,
these events contribute to the development of atherosclerosis
and vascular calcification [8]. The CPP I to CPP II conversion
time reflects the serum’s endogenous capacity to prevent the
precipitation of calcium phosphate. The serum calcification
propensity test (also known as the TS50 test) was recently de-
veloped as a functional assay of the ability of an individual’s
serum to resist the formation of hydroxyapatite crystals when
supraphysiological amounts of calcium and phosphate ions are
added [9, 10].

In the literature, various laboratory variables were pos-
itively associated with T50, such as albumin, magnesium,
bicarbonate, triglycerides, high-density lipoprotein (HDL)-
cholesterol, creatinine, 1,25-dihydroxyvitamin D [1,25(0H),D],
25-hydroxyvitamin D [25(0OH)D], fetuin-A and pyrophosphate, or
inversely associated with TS50, such as phosphate, ionized cal-
cium, parathyroid hormone (PTH), urea and C-reactive protein
(CRP) [11-15].

In patients with CKD, the administration of phosphate
binders has produced conflicting results, and the majority of
studies were performed in dialysis patients. In a small ran-
domized controlled trial (RCT) in haemodialysis patients, the
use of calcium carbonate, sevelamer hydrochloride and seve-
lamer carbonate was associated with a longer T50 [16]. In con-
trast, the results of a 2-year prospective study of peritoneal
dialysis patients showed that the use of sevelamer was not
significantly associated with changes in serum calcification
propensity [17].

The primary objective of the present post hoc analysis was
to evaluate the effect of sevelamer carbonate versus placebo
on serum calcification propensity (the change in T50) in non-
dialysed patients with CKD (stage 3b/4) after 12 weeks of treat-
ment. The secondary objective was to investigate factors as-
sociated with serum calcification propensity (phosphocalcic
biomarkers, in particular).
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MATERIALS AND METHODS
Study design

The FGF23 Reduction: Efficacy of a New phosphate binder
in CHronic kidney disease (FRENCH) study was an inter-
ventional, multicentre, double-blind, placebo-controlled RCT.
FRENCH included 78 adult patients with CKD stage 3b/4 [esti-
mated glomerular filtration rate (eGFR) 15-45 ml/min/1.73 m?)
and normal phosphataemia [3.1 mg/dl (1.0 mmol/l)-5.6 mg/dl
(1.8 mmol/1)]. The primary objective of FRENCH was to investi-
gate the impact of 12 weeks of treatment with sevelamer carbon-
ate on the FGF23 level in non-dialysis-dependent patients with
CKD [18]. The present report describes one of the study’s sec-
ondary objectives, the evaluation of sevelamer carbonate’s effect
(versus placebo) on levels of phosphocalcic biomarkers.

The main exclusion criteria were the use of phosphate
binders, active vitamin D and calcimimetics; kidney transplan-
tation or parathyroidectomy; serum phosphate >1.8 mmol/l
(5.6 mg/dl); serum 25(0H)D <20 ng/ml; serum PTH <30 or
>600 pg/ml and serum calcium <2.1 mmol/l (8.4 mg/dl).

Patients avoided taking any of the following drugs for the du-
ration of the study: antacids and phosphate binders containing
aluminium, magnesium, calcium or lanthanum and treatment
of hyperparathyroidism (active vitamin D and calcimimetics). In
addition, at randomization, all patients received 100 000 IU of
native vitamin D in the form of cholecalciferol.

The study’s objectives and procedures were approved by
an independent ethics committee (CPP Nord Ouest II, Amiens,
France; reference 2010/19, 2 June 2010) and the French Drug
Agency (reference A100615-32, 30 July 2010). Each patient gave
his/her written informed consent to participate in the study. The
study was registered at ClinicalTrials.gov (NCT01220843). Details
of the study population and study design have been published
elsewhere [18].

Study procedures

After a screening visit, participants completed a 1- to 2-week
run-in period during which baseline blood and urine samples
were collected. This was followed by a 12-week treatment pe-
riod. Centralized randomization was performed by the clinical
research unit at Amiens-Picardie University Hospital (Amiens,
France). Upon randomization, the study personnel and partici-
pants were blinded to the use of phosphate binder. The study
participants took a dose of 4.8 g of sevelamer or placebo three
times a day for 12 weeks. Adherence to study medication was
monitored via pill counts [18].

All patients had an interview with a physician (to establish
their personal medical history) and underwent a clinical exam-
ination. Sociodemographic, clinical and biochemical variables
and medications taken by patients were documented. Fasting
blood samples were collected after inclusion in the study and
after 12 weeks of treatment.

Main outcome evaluation

For the present substudy, blood samples for the T50 test were
collected at baseline and after 12 weeks in dry tubes, cen-
trifuged to collect serum, aliquoted and stored frozen at —80°C
at the Biobanque de Picardie (Amiens-Picardie University Hospi-
tal, Amiens, France). Serum samples were sent to Calciscon (Biel,
Switzerland) for measurement of T50. The biological and chem-
ical principles behind this test have been described previously
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[9]. Nephelometry is used to detect changes over time in turbid-
ity (light scattering) and thus the transformation of CPP I into
CPP II. T50 corresponds to the time at which 50% of the change
in relative nephelometric units is observed; the longer the T50,
the slower the transition from CPP I to CPP II and the lower the
calcification propensity.

Evaluation of other laboratory variables

Ionized magnesium assays were performed in the MP3CV labo-
ratory (Jules Verne University of Picardie, Amiens, France) using
direct potentiometry with an ion-selective electrode (Stat Pro-
file PRIME ES Comp; Nova Biomedical, Waltham, MA, USA). In a
cohort of healthy patients, the serum ionized magnesium range
was 0.43-0.54 mmol/1 [19]. In a meta-analysis, the estimated ref-
erence range for ionized magnesium was 0.40-0.68 mmol/] for
healthy populations and 0.40-0.76 mmol/l in patients with kid-
ney disease [20]. Photometric assays of total magnesium (using
a modified xylidyl blue reaction) were performed on the same
serum samples at Amiens-Picardie University Hospital (Atellica
CH; Siemens Healthcare Diagnostics, Tarrytown, NY, USA; refer-
ence range for total magnesium 0.66-1.07 mmol/l). Fetuin-A was
assayed with a sandwich enzyme-linked immunosorbent assay
(ELISA) [Fetuin-A (AHSG) Human ELISA; BioVendor R&D, Brno,
Czech Republic]. During the FRENCH study, the samples were
also assayed for C-terminal FGF23 (Human FGF23 C-Terminal
ELISA Kit; Immutopics International, San Clemente, CA, USA).
Serum intact FGF23 (Human FGF23 Intact ELISA Kit; Immutopics
International) and human soluble «a-klotho (Human Soluble «-
Klotho Assay Kit; Immuno Biologic Laboratories, Fujioka, Japan)
were also assayed.

Statistical analyses

The main outcome of interest was the effect of sevelamer car-
bonate on T50 at 12 weeks. All randomized patients were in-
cluded in the intention-to-treat (ITT) analysis. The per-protocol
analysis included all randomized patients who complied with
the protocol for 12 weeks. The treatment groups (sevelamer
carbonate versus placebo) were compared. Data for continuous
variables were expressed as the mean and standard deviation
(SD) or the median and interquartile range (IQR), depending on
the distribution. Data for categorical variables were expressed
as the frequency and percentage. Intergroup comparisons were
performed using Student’s t-test or the Mann-Whitney test for
continuous variables and a chi-squared test or Fisher’s exact test
for categorical variables.

Correlations between TS50 and laboratory variables at
baseline (notably serum concentrations of phosphocalcic
biomarkers) were measured. The determinants of T50 at
baseline were assessed using multivariate linear regression
models and expressed as non-standardized coefficients with
95% confidence intervals (CIs) and standardized coefficients.
The selection of variables included in the multivariate models
was based on literature data and a P-value <.2 in the univariate
analysis.

The sevelamer and placebo groups were compared with re-
gard to T50 values, serum concentrations of ionized and total
magnesium and fetuin-A at week 12 in separate analyses of co-
variance (ANCOVA), with adjustment for each variable’s baseline
concentration. A Student’s t-test was also used to compare the
group’s TS50 values at week 12. Within-group variations in these
parameters between baseline and week 12 were assessed using
a paired Student’s t-test or a paired Wilcoxon test.

All tests were two-tailed and the threshold for statistical sig-
nificance was set to P < .05. All statistical analyses were per-
formed with R version 4.1.3 (R Foundation for Statistical Com-
puting, Vienna, Austria) [21].

RESULTS
Characteristics of the patients at baseline

A total of 78 patients were randomized to receive either seve-
lamer carbonate (n = 39) or placebo (n = 39). The ITT popula-
tion comprised 78 patients. The per-protocol analysis included
31 patients from the sevelamer group and 33 patients from the
placebo group (Supplementary Fig. S1). In the ITT population,
the mean adherence rate was 88% in the placebo group and 86%
in the sevelamer group. There was no change in the prescribed
dose of sevelamer during the study period.

At baseline, the two treatment groups did not differ signifi-
cantly with regard to sociodemographic, clinical and biochemi-
cal variables, with the exception of higher 25(0H)D and CRP lev-
els in the sevelamer group than in the placebo group (Table 1).
The median patient age was 66 years (IQR 56-72). The me-
dian eGFR was 25 ml/min/1.73 m? (IQR 21-30), the mean T50
was 335 minutes (SD 82) and the mean phosphate level was
1.24 mmol/1 (SD 0.17).

Factors associated with T50

At baseline, serum levels of fetuin-A (r = 0.60, P < .001), ion-
ized magnesium (r = 0.27, P = .02), a-klotho (r = 0.33, P = .005)
and bicarbonate (r = 0.33, P = .005) significantly and positively
correlated with T50, whereas serum concentrations of phos-
phate (r = —0.25, P = .03) and chloride (r = —0.23, P = .047) were
significantly but inversely correlated with TS0 (Supplementary
Table S1). In a linear regression model, T50 was independently
associated with the serum ionized magnesium, fetuin-A and bi-
carbonate levels and inversely associated with phosphate con-
centration (Table 2, Supplementary Table S2).

Effect of sevelamer on T50 and other variables

The within-group change in the mean T50 between week 0 and
week 12 was not significant in either treatment group. In the
placebo group, the mean change in T50 was 7.8 minutes (95% CI
—16.4-32.1) (P = .51) (Supplementary Table S3) and in the seve-
lamer group, the mean change in T50 was 4.6 minutes (95% CI
—13.6-22.8) (P = .61). There was no difference between the groups
in T50 at week 12 (P = .84) using an ANCOVA adjusted for the T50
at week O (Fig. 1A) or a Student’s t-test (P = .61).

The within-group difference in the mean serum ionized
magnesium concentration after 12 weeks of treatment was
not significant in the sevelamer group or the placebo group
[0.02 mmol/1 (95% CI —0.01-0.04), P = .23 and 0.01 mmol/I (95% CI
—0.01-0.04), P = .18, respectively; Supplementary Table S3]. After
adjustment for the ionized magnesium concentration at week
0, there was no difference in ionized magnesium between the
groups after 12 weeks (P = .99) (Fig. 1B).

The within-group difference in the mean serum total magne-
sium concentration after 12 weeks of treatment was not signif-
icant in the sevelamer group or the placebo group [0.01 mmol/l
(95% CI —0.02-0.05), P = .50 and 0.01 mmol/l (95% CI —0.03-0.06),
P = .60, respectively; Supplementary Table S3]. Again, after ad-
justment for the total magnesium concentration at week 0, there
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Table 1: Baseline characteristics of the study population.
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Characteristics Total (N = 78) Sevelamer (n = 39) Placebo (n = 39) P-value
T50 (minutes), mean (SD) 335 (82) 331 (74) 339 (91) .67
Demographics
Age (years), median (IQR) 66 (56-72) 67 (56-70) 65 (57-74) .92
Men, % 71 69 72 .80
Body mass index (kg/m?), mean (SD) 28.0 (5.1) 28.0 (5.3) 28.0 (5.0) .97
Clinical characteristics
Diabetes, % 26 33 18 12
Causes of nephropathy, % .37
Vascular 27 28 26
Polycystic kidney disease 14 21 8
Glomerulonephritis 10 13
Interstitial nephritis 6 5 8
Other 23 15 31
Systolic blood pressure (mmHg), median (IQR) 141 (123-155) 144 (124-154) 140 (124-156) .76
Diastolic blood pressure (mmHg), mean (SD) 79 (10) 78 (10) 80 (10) .53
Electrolytes, mean (SD)
Ionized magnesium (mmol/l) 0.58 (0.10) 0.58 (0.07) 0.58 (0.12) .97
Total magnesium (mmol/l) 0.77 (0.13) 0.77 (0.112) 0.77 (0.16) .95
Phosphate (mmol/]) 1.24 (0.17) 1.23 (0.18) 1.25 (0.16) 70
Calcium (mmol/l) 2.34(0.11) 2.35(0.11) 2.33(0.11) 49
Sodium (mmol/l) 140 (2.5) 140 (2.8) 140 (2.3) 96
Potassium (mmol/l) 4.8 (0.6) 4.7 (0.6) 4.8 (0.6) .65
Bicarbonate (mmol/l) 24.4 (4.2) 24.5 (3.5) 24.2 (4.9) 78
Chloride (mmol/l) 106 (4.0) 106 (3.9) 106 (4.2) 39
Other biological parameters
eGFR (ml/min/1.73 m?), median (IQR) 24.9 (20.9-29.9) 24.8 (20.8-27.4) 27.2 (21.0-32.0) 23
Fetuin-A (g/l), mean (SD) 0.22 (0.05) 0.22 (0.05) 0.22 (0.05) 91
Klotho (pg/ml), median (IQR) 810 (677-977) 830 (728-899) 784 (653-1050) .57
Intact FGF-23 (pg/ml), median (IQR) 42.2 (18.8-81.4) 42.2 (22.6-76.9) 40.6 (12.9-86.0) 75
C-terminal FGF-23 (RU/ml), median (IQR) 157 (120-238) 166 (121-248) 142 (121-202) 39
Creatinine (umol/l), median (IQR) 222 (179-267) 224 (187-264) 220 (171-268) 38
Urea (mmol/l), median (IQR) 16.7 (13.1-21.2) 17.2 (12.5-21.8) 15.8 (13.4-19.4) 55
Albumin (g/1), mean (SD) 41.7 (3.4) 41.9 (3.1) 415 (3.7) 65
Glucose (mmol/l), median (IQR) 5.4 (4.9-6.7) 5.4 (4.8-6.8) 5.4 (5.0-6.5) .92
Intact PTH (pg/ml), median (IQR) 97 (61-127) 91 (59-122) 104 (73-137) 17
25(0OH)D (ng/ml), mean (SD) 31.4(12.3) 34.3(13.1) 28.5 (10.8) .03
1,25(0H),D (ng/ml), median (IQR) 28.0 (22.0-38.8) 26.0 (20.5-39.9) 31.0 (23.7-38.5) 45
Triglycerides (mmol/l), median (IQR) 1.6 (1.1-2.2) 1.5 (1.0-1.8) 1.7 (1.1-2.8) .30
Total cholesterol (mmol/l), median (IQR) 4.5 (4.0-5.5) 4.4 (3.9-5.5) 4.5 (4.2-5.3) .53
HDL-cholesterol (mmol/l), median (IQR) 1.3 (1.1-1.6) 1.3 (1.2-1.6) 1.3 (1.0-1.5) .55
LDL-cholesterol (mmol/l), median (IQR) 2.3(1.8-3.0) 2.4 (1.9-3.1) 2.2 (1.7-2.8) 43
Haemoglobin (g/dl), mean (SD) 12.6 (1.43) 12.7 (1.51) 12.5 (1.34) 41
CRP (mg/1), median (IQR) 3.1(2.5-7.8) 4.8 (3.0-10) 3.0 (2.2-4.0) 02
Osteocalcin (ng/ml), median (IQR) 28.8 (20.0-45.8) 28.2 (17.0-40.9) 31.4 (22.4-54.5) 46
Indoxyl sulphate (pg/ml), median (IQR) 3.6 (1.3-6.2) 4.3(1.8-7.1) 3.4 (1.1-5.2) 12
Para-cresyl sulphate (ug/ml), median (IQR) 10.6 (6.3-17.5) 11.3 (8.0-16.0) 10.3 (5.7-20.9) 69
Indole acetic acid (pg/ml), mean (SD) 1.04 (0.54) 1.05 (0.49) 1.04 (0.60) .95
Alkaline phosphatase (IU/l), median (IQR) 71.5 (58.0-87.8) 67.0 (57.5-84.0) 72.0 (59.5-90.5) 34
GGT (IU/l), median (IQR) 26.0 (19.0-55.5) 27.5 (23.3-58.3) 22.0 (17.0-46.0) 17
Bone alkaline phosphatase (IU/1), median (IQR) 11.5 (8.6-15) 11.7 (9.0-14) 11.4 (8.6-17) .90

CRP: C-reactive protein; FGF-23: fibroblast growth factor 23; GGT: gamma-glutamyltransferase; LDL: low-density lipoprotein.

was no difference in total magnesium between the groups after
12 weeks (P = .96) (Fig. 1C).

Lastly, there was a small but significant difference in the
mean serum fetuin-A concentration after 12 weeks of treatment
in the sevelamer group [—0.01 g/1 (95% CI —0.02-0.0002), P = .046].
There was no significant difference in the mean serum fetuin-
A concentration in the placebo group [-0.01 g/l (95% CI —0.02-
0.001), P = .08; Supplementary Table S3]. After adjustment for
the fetuin-A concentration at week 0, there was no difference
in fetuin-A between groups after 12 weeks (P = .97) (Fig. 1D).

The per-protocol analysis yielded results similar to those of the
ITT analysis for T50, ionized magnesium, total magnesium and
fetuin-A (Supplementary Table S4, Supplementary Fig. S2).

DISCUSSION

In the FRENCH multicentre, double-blind, placebo-controlled
RCT of patients with stage 3b/4 CKD, we did not observe a
significant difference in the change in serum calcification
propensity when comparing 12 weeks of treatment with seve-
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Table 2: Factors associated with T50 at baseline.

Multivariable model

Standardized
Factors Non-standardized coefficients P-value coefficients?®
Ionized magnesium (mmol/l) 513.8 (246.2-781.4) <.001 0.63
Fetuin-A (g/]) 632.3 (282.2-982.4) <.001 0.37
a-Klotho (pg/ml) 0.04 (—0.01-0.09) .15 0.14
Indoxyl sulphate (pg/ml) 1.70 (—1.81-5.20) 33 0.10

Phosphate (mmol/l)
Albumin (g/1)
Bicarbonate (mmol/l)
Chloride (mmol/l)
GGT (1U/1)
Osteocalcin (ng/ml)

—162.6 (—287.5 to —37.8) 01 0.33
2.89 (—2.30-8.07)
7.74 (0.55-14.9)
3.78 (—3.09-10.6)
—0.12 (~0.06-0.30)
0.11 (—0.40-0.62)

.27 0.12
.04 0.40
.27 0.18
.20 0.12
.67 0.05

GGT: gamma-glutamyltransferase.

2The standardized coefficient is measured in standard deviation units and is shown as an absolute value here. A change of 1 SD in a given variable is associated with

a change in the ‘standardized coefficients’ standard deviation of T50.

lamer carbonate versus placebo. Our findings suggest that
3-month sevelamer carbonate therapy might not be an effec-
tive strategy for modifying serum calcification propensity in
non-dialysis-dependent patients with CKD.

Serum calcification propensity has recently emerged as
a promising predictive biomarker of vascular calcification
and cardiovascular outcomes. The present study contributed
in-depth information on factors associated with serum calcifi-
cation propensity [10]. Indeed, we found that T50 was correlated
positively with serum «-klotho, bicarbonate, ionized magne-
sium and fetuin-A and inversely with serum phosphate and
chloride. In a linear regression model, TS0 was independently
associated with serum levels of ionized magnesium, fetuin-A
and bicarbonate and inversely with phosphate. According to the
literature, T50 is associated positively with fetuin-A [11], total
magnesium [13, 15] and bicarbonate [12] and inversely with
phosphate [11-15]. However, the link observed here between
T50 on the one hand and «-klotho and chloride on the other has
not previously been reported. Furthermore, the present study
is the first to document the association between calcification
propensity and ionized magnesium (i.e. the active form of
magnesium). Indeed, we found an association between serum
ionized magnesium concentration and T50. Magnesium is
known to be a calcification inhibitor [22]. Magnesium reduces
phosphate uptake in the intestine, inhibits hydroxyapatite
crystal formation in the vessel by interfering with amorphous
calcium phosphate and CPP I maturation into CPP II and it
prevents the transdifferentiation of vascular smooth muscle
cells (VSMCs) toward an osteogenic phenotype [23]. However,
the literature data are contradictory with regard to a putative
influence of magnesium supplementation on the progression
of coronary artery calcification in CKD [24, 25]. Although oral
magnesium supplementation was associated with a lower
serum calcification propensity in one study of CKD patients
[26], increasing the magnesium concentration in the dialysate
did not lengthen T50 in haemodialysis patients in a recent RCT
[27]. Fetuin-A is also one of the main calcification inhibitors and
is a key player in the formation of CPP L. Fetuin-A scavenges
complexes of calcium phosphate, and its interaction with
matrix gla protein (MGP) integrates calcium phosphate into CPP
I, preventing calcium phosphate from precipitating [8]. In the
original article presenting the TS0 test, alkaline pH inhibited
the transitional ripening step from CPP I into CPP II, which
may explain the link between serum bicarbonate concentration

and TS0 [9]. Finally, phosphate is known to be one of the main
promoters of calcification; at high concentrations, it directly
stimulates VSMCs to undergo phenotypic changes that predis-
pose to calcification [28]. In the FRENCH study, the mean T50
was 335 minutes (SD 82); this value is similar that those reported
by Eelderink et al. [29] for the general population [329 minutes
(SD 58)] and found in CKD patients stages II-IV [313 minutes (SD
79)] [30]. In haemodialysis patients, T50 levels are much lower
[12]. The T50 values in the CKD stages 3-4 patients in our study
might already have been too high to be influenced by sevelamer.

The literature data on the impact of phosphate binder use on
serum calcification propensity are contradictory. In a small RCT
in haemodialysis patients, calcium carbonate, sevelamer hy-
drochloride and sevelamer carbonate increased T50 to a similar
extent over 24 weeks [16]. In another small RCT in haemodialysis
patients with hyperphosphataemia, the use of sucroferric oxy-
hydroxide significantly increased T50 after 6 weeks [31]. How-
ever, in a prospective, randomized pilot study in 60 patients on
peritoneal dialysis, 2 years of sevelamer treatment did not yield
a significant difference in T50 [17]. In a recent clinical trial in a
CKD cohort, lanthanum carbonate was not associated with a re-
duction in CPP at 96 weeks versus placebo [32]. In our study of
non-dialysed CKD patients, a 12-week course of sevelamer car-
bonate had no influence on T50 versus placebo. A potential in-
fluence of phosphate binders on serum calcification propensity
might be exerted mainly through an effect on phosphataemia.
In our study, the patients were normophosphataemic and seve-
lamer use had no effect on phosphate levels; only phosphaturia
decreased, which perhaps explains (at least in part) the limited
effect of sevelamer on T50 [18]. Furthermore, we did not observe
significant changes in magnesium levels, and there was no dif-
ference in fetuin-A concentrations between both groups after
12 weeks of treatment, suggesting that the decrease in fetuin-A
was not due to the sevelamer. In our study, the level of a-klotho
was correlated with T50 but did not change after 12 weeks of
sevelamer treatment [18]. In the absence of other measurable ef-
fects of sevelamer carbonate on mineral metabolism in this trial,
the lack of a treatment effect on TS0 is consistent with these
other observations.

The main strength of the present study is its design:
FRENCH is a nationwide, multicentre, double-blind, placebo-
controlled RCT. The multicentric design provides a more rep-
resentative overview of CKD care in France and thus re-
duces bias due to patient care pratices in a single centre.
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Figure 1: Mean changes in laboratory variables between week 0 and week 12, by treatment group, in an ITT analysis: (A) TS50, (B) ionized magnesium, (C) total
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dot indicates the mean.

Furthermore, treatment adherence was monitored. This aspect
was particularly valuable because study participants had to
take up to six pills per day, which might have increased the
risk of non-adherence. T50 measurements were performed cen-
trally (by the company that created the calcification propen-
sity test), along with assays of ionized magnesium, total mag-
nesium and fetuin-A; this probably limited variability in the
results.

Our study also had some limitations. First, the 12-week
course of sevelamer treatment might not have been long enough
to produce an effect in the participants. Second, data on food in-
take and the time of sample collection were not collected rou-
tinely in our study, which prevented us from testing for potential
associations with these factors. Third, we cannot rule out un-
derdosing, poor compliance (even though 12 weeks of sevelamer
treatment led to a decrease in urinary phosphate and cholesterol
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levels [18]) and low statistical power (due to the small sample
size).

In conclusion, the use of the non-calcium-containing phos-
phate binder sevelamer carbonate in the FRENCH multicentre,
randomized, double-blind, placebo-controlled RCT was not as-
sociated with a significant change in serum calcification propen-
sity. Hence, orally administered sevelamer carbonate might not
be effective in modifying serum calcification propensity in non-
dialysis-dependent patients with CKD.

SUPPLEMENTARY DATA

Supplementary data are available at Clinical Kidney Journal online.
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