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Abstract

Hyperphosphatemia is present in most patients with end-stage renal dis-
ease (ESRD) and has been associated with increased cardiovascular mortality.
Phosphate binders (calcium-based and calcium free) are the mainstay pharmaco-
logic treatment to lower phosphorus levels in patients with ESRD. We evaluated
biochemical markers of vascular calcification, inflammation, and endothelial dys-
function in patients with chronic kidney disease (CKD) treated with sevelamer
carbonate (SC) versus calcium acetate (CA). Fifty patients with CKD (stages 3
and 4) were enrolled and assigned to treatment with SC and CA for 12 weeks. At
the end of the study the biomarkers of vascular calcification, inflammation, and
endothelial dysfunction were analyzed. A significant increase in HDL-cholesterol
was observed with SC but not with CA in patients with CKD. Treatment with
SC reduced serum phosphate, calcium phosphate, and FGF-23 levels and there
was no change with CA treatment. The inflammatory markers IL-8, IFN-y, and
TNFa decreased with response to both treatments. The levels of IL-6 significantly
increased with CA treatment and no change was observed in the SC treatment
group. SC showed favorable effects on anti-inflammatory and vascular calcifica-
tion biomarkers compared to CA treatment in patients with CKD stages 3 and 4
with normal phosphorous values.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?Non-calcium-
based phosphate binders are effective in the patients with end stage kidney dis-
ease for lowering serum phosphorus and have demonstrated anti-inflammatory
effects.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study demonstrates a favorable reduction in systemic, vascular, and bone-
related inflammatory markers from treatment with sevelamer carbonate (SC)
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INTRODUCTION

Abnormalities of mineral metabolism lead to the devel-
opment of vascular calcification and aortic stiffness in
patients with chronic kidney disease (CKD) that con-
tributes to cardiovascular disease.'” Despite normal val-
ues of calcium and phosphorus in the CKD population,
40% of patients with CKD not receiving dialysis display
evidence of calcification on imaging.*® Opportunities to
reduce or slow the progression of vascular calcification
in early stages of CKD should be explored to hinder the
establishment of vascular calcification. Phosphate binders
for the management of secondary hyperparathyroidism
in patients with CKD not receiving dialysis is mainly
limited to the correction of hyperphosphatemia. Several
studies have illustrated the development of inflammation
and abnormal mineral metabolism prior to the develop-
ment of frank hyperphosphatemia.®® The trade-off in
the nephron hypothesis suggests that a high concentra-
tion of phosphate in the cortical distal nephron reduces
the concentration of ionized calcium in that segment, and
thereby necessitates increased parathyroid hormone to
maintain normal calcium reabsorption and normocalce-
mia.’ As such, the relative normal serum phosphate pro-
vides limited value in determining the detrimental effects
of phosphate exposure.’®*? In this study, we sought to
compare the effects of sevelamer carbonate (SC) and cal-
cium acetate (CA)for their role on biomarkers indicative
of vascular calcification, inflammation, and endothelial

in the patients with chronic kidney disease (CKD) not on dialysis with normal
serum phosphorus levels.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This study suggests that patients with CKD not on dialysis may benefit from SC
phosphate binders despite having a normal serum phosphorus level.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

This study offers insight to the role phosphates binder may play in lowering in-
flammation and vascular calcification in patients with CKD not on dialysis.

dysfunction in patients with CKD stages 3 and 4 without
hyperphosphatemia.

METHODS
Patients

This was a randomized, prospective, open-label, parallel
group study approved by both the Institutional Review
Board (IRB) at the Albany College of Pharmacy and Health
Sciences and the IRB at the Albany Medical Center. Fifty
patients with CKD (stages 3 and 4) were recruited from the
Albany Medical Center South Campus facility between
2011 and 2015. Patients were included in the study if they
were men or women greater than or equal to 18 years
of age at the start of screening, CKD stage 3 or 4 (eGFR
15-60 ml/min/1.73 m?), not expected to start dialysis for
8 months, serum intact PTH less than 500 pg/ml during
the screening period, and a stable dose of ACEi/ARB regi-
men 30 days prior to screening. Over 80% of study subjects
were White and men. Patients with diabetes, taking oral
steroids, chemotherapy, and radiotherapy, and children
below the age of 16 years were excluded from the study.
The duration of the study was 15 weeks in total spilt
into three phases: screening phase, washout phase, and
treatment phase (Figure 1). Written informed consent was
obtained prior to any screening procedures. Study sub-
jects’ laboratory data was screened to ensure they fulfilled

5C -
Randomize P - Binder //'

Screen subjects 1:1 waghout (if End of
eligible |— toreceive —»  subjectis Treatment
patients SCorCA taking binder)

\ cA >

- » FIGURE 1 The flow chart of study
3 Weeks 12Weeks Treatment design and procedu‘re. SA, sevelamer
carbonate; CA, calcium acetate
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the inclusion criteria. The following examinations and
assessments were conducted one time during the 30-day
screening period: demographics, medical history, iPTH,
pregnancy test (if applicable), and medication history.
Study subjects were randomized by a computer program
in a 1:1 ratio to receive either SC or CA. If applicable,
phosphate binder therapy was discontinued in study sub-
jects receiving phosphate binder therapy 3 weeks prior
to starting study medications during the washout phase.
Study subjects only took phosphate binder if they were
randomized to during the treatment phase. Baseline char-
acteristics of the study subjects are presented in Table 1.
Study subjects were treated with SC 1600 mg three
times daily with meals or CA 1334 mg three times daily
during the treatment phase for a total of 12 weeks. All
patients received cholecalciferol 400 units daily during
the treatment phase of the study. The treatment phase
consisted of five total study visits: baseline study (day 1
and day 2), week 4, week 8, and week 12. The following
assessments and laboratory tests were obtained on day
1: fibroblast growth factor-23 (FGF-23), serum chemistry
(calcium, phosphorous albumin, alkaline phosphatase,
and cholesterol panel), iPTH, 25-OH, 1,25 OH, markers
of calcification (fetuin-A and osteoprotegerin), inflamma-
tion (IL-6, TNF-a, IL-10, IL-17, and INF-y), and vascular
adhesion molecules (SICAM-1, sVCAM-1, P-selectin, and
E-selectin). Patients were given a urine collection con-
tainer and instructed to start a 24-h urine collection. Study
subjects would return on day 2 to return their 24-h urine
collection sample, which was analyzed for urinary cal-
cium, phosphorous, protein, and creatinine. The following
laboratory assessments were collected during weeks 4 and
8: FGF-23, phosphorous, calcium, and iPTH. The levels
of FGF-23, serum chemistry (calcium, phosphorous albu-
min, alkaline phosphatase, and cholesterol panel), iPTH,
25-OH, 1,25 OH, markers of calcification (fetuin-A and
osteoprotegerin), inflammation (IL-6, TNF-a, IL-10, IL-17,

TABLE 1 Baseline characteristics of the CKD stages 3 and 4
study subjects

Calcium Sevelamer
acetate Carbonate
(n=15) (n=15)
Age, years (mean + SD) 69.26 + 8.52 67.40 + 7.77
Sex, male/female 12/3 13/2
Race, White/Black 12/3 14/1
eGFR (ml/min/1.73 m?) 38.26 + 11.21 37.60 + 6.12
Height (cm) 171.60 + 7.82 172.21 + 6.80
Weight (kg) 99.11 + 23.31 103.29 + 20.13
BMI (kg/m?) 33.60 + 7.06 35.09 + 7.92

Note: All the data are mean + SD.

Abbreviation: BMI, body mass index.

ASCPT

and INF-y), and vascular adhesion molecules (SICAM-1,
SsVCAM-1, P-selectin, and E-selectin) were assessed at the
end of the treatment phase (12 weeks).

Statistics

Continuous variables were expressed as mean + SD.
Comparison of the biomarkers’ concentrations within
groups and between the two groups were performed using
either Student’s t-test or Wilcoxon rank sum test for paired
differences and nonparametric data with GraphPad Prism
7 software (GraphPad) and statistical significance was de-
fined as p < 0.05.

RESULTS
Markers of mineral metabolism

Changes in markers of mineral metabolism are pre-
sented in Table 2. The average serum phosphate level
was within normal range for both treatment groups,
3.7 £ 0.73 and 3.3 + 0.70 for CA and SC, respectively. In
both treatments, within groups the levels of phosphate
and calcium remained clinically unchanged. Sevelamer
treatment resulted in a significant decrease in levels of
FGF-23, calcidiol, and calcitriol, whereas FGF-23 and
calcitriol remained unchanged in the CA group. A sig-
nificant increase in calcidiol, was observed in the CA
group. PTH decreased significantly in the CA group but
not in the SC group.

Serum lipids

Significant decreases in total cholesterol and LDL-
cholesterol (p < 0.001) were observed with SC but not
with CA. Significant increases in HDL-cholesterol were
observed with SC but not with CA (p < 0.05), triglyceride
did not change from baseline in either group. No statisti-
cally significant difference was observed in triglycerides in
both groups compared to baseline Table 3.

Treatment with SC significantly decreased total choles-
terol, LDL, and triglycerides compared to CA (Figure 2).
These changes were significantly different between groups
(***p < 0.001 and *p < 0.05).

Inflammatory markers

Effects of phosphate binder treatment on inflammatory
markers are presented in Table S1. A significant decrease
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TABLE 2 Changes in markers of

Calcium acetate Sevelamer carbonate mineral metabolism at baseline and
Baseline Week 12 Baseline Week 12 after 12 weeks of treatment with calcium

Calcium (mg/d1) 9.5+ 0.11 9.7 +0.13* 9.6 +0.12 9.5+ 0.10 acetate or sevelamer carbonate

Phosphate (mg/dl) 3.7 +0.73 3.7+ 017 3.3+0.70 3.4 +0.16

FGF-23 (pg/L) 106.4 +23.9  101.1+19.8 112.8 +25.9 96.3 + 13.99*

Calcidiol (ng/ml) 239+ 3.0 27.5+2.7 314 +3.1 28.9 +3.5

Calcitriol (pg/ml) 35.6 + 3.9 36.8 + 3.8 444 + 4.1 38.4 + 3.9*

Ca x P (mg?/dI%) 358 +1.94 36.71 + 1.94 32.03 + 1.7 32.97 + 1.56
PTH (pg/ml) 70.8 + 14.1 51.2 + 11.09* 58.0 + 5.34 66.2 + 5.36

Note: All data are mean + SD. Paired comparison from baseline to week 12 change. *p < 0.05.
Abbreviations: Ca X P, calcium X phosphate; FGF-23, fibroblast growth factor 23; PTH, parathyroid.

TABLE 3 Changes in levels in

Calcium acetate Sevelamer carbonate vascular calcification markers at baseline
Baseline Week 12 Baseline Week 12 and after 12 weeks of treatment with
OPG (pg/ml) 2400 + 188 2437 +201.4 2813 +612.6 2817 + 489.4 caleium acetate and sevelamer carbonate
SOST (pg/ml) 234.4 + 26.8 213.1 + 27.39* 213.1 + 27.18 208.3 + 26.08*
TRACcP5b (U/L) 3.00 +£0.21 2.69 +0.17* 3.07 £0.21 3.05+0.22
AlkPO4 (IU/L) 60.53 + 5.23 56.73 + 4.24 68.6 + 5.65 79.6 £+ 6.52

Note: All data are mean + SD, Paired comparison from baseline for each subject to week 12 change.

*p < 0.05.

Abbreviations: AIkPO4, alkaline phosphate; OPG, osteoprotegerin; SOST, serum sclerostin; TRAcP5b,

serum tartrate-resistant acid phosphatase.
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in C-reactive protein (CRP) was observed at the end of the
treatment with SC, whereas no change was observed in
CRP in the CA group. A significant decrease was observed
in IL-8, IFN-y, and TNF-a with response to both treat-
ments. The levels of IL-6 increased significantly in the CA
group and no change was observed in the SC group. Serum

IL-10 levels decreased significantly with SC treatment, and
no change was observed for IL-10 in the CA group.

Figure 3 shows the inflammatory profile between the
CA and SC groups. In patients receiving the SC, serum
IL-8 and IL-10 showed a significant decrease (Figure 3b,c).
The serum TNF-« levels were increased in the SC group
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FIGURE 3 Changes in serum inflammatory markers after 12 weeks of treatment with sevelamer carbonate and calcium acetate. (a)
Interleukin-6, (b) Interleukin-8, (c) Interleukin-10, (d) IFN-y, (e) TNF-a. Values expressed as mean + SD **p < 0.01, ***p < 0.001

(Figure 3e) and no change in IL-6 and IFN- y levels was
observed (Figure 3a,d).

Vascular endothelial markers

Treatment with sevelamer carbonate at week 12 resulted
in a significant increase in ICAM-1, VCAM-1, E-selectin,
and L-selectin. Treatment with CA showed a significant
decrease in E-selectin levels and no change was observed
with other endothelial markers. No statistical significance
in the levels of P-selectin was observed in either treatment
group, Supplementary Table S2.

There were no significant differences observed in
VCAM-1, E-selectin, and L-selectin levels between the
groups (Figure 4b,d,e). However, significant decreases in
levels of ICAM-1 (**p < 0.01) and P-selectin (*p < 0.05)
were observed when compared between treatment with
CA and SC (Figure 4a,c).

Vascular calcification markers

After 12 weeks of treatment with CA, there was a sig-
nificant decrease in SOST, TRAcP5b, and alkaline phos-
phate Supplementary Table S3, whereas with SC, there
was an increase in alkaline phosphate levels, a decrease
in SOST levels, and no statistically significant decrease in
TRACcP5b. No statistical changes in OPG were observed in
either treatment group.

DISCUSSION

Despite the widespread use of phosphate binders in pa-
tients with end-stage renal disease, relatively few studies
have compared CA and SC with respect to their biomark-
ers of vascular calcification, inflammation, and endothe-
lial dysfunction in non-dialysis patients.

The beneficial effects of SC on serum lipids were
expected from earlier studies in patients with CKD."
Significant decrease in total cholesterol and increase in
HDL-cholesterol was seen with SC but not with CA. In
another study performed for 1 year in 200 patients with
hemodialysis, SC improved the progression of coronary
aortic calcification compared to calcium-based binders.**

In the present study, SC treatment demonstrated re-
ductions in biomarkers related to endothelial function
and inflammation. As expected from earlier studies, ele-
vated levels of calcium were more common in CA-treated
patients."® As shown in previous studies, sevelamer effects
on vascular calcification might be secondary to its lower
calcium load versus lipid-lowering properties. Further
and consistent with earlier studies, SC significantly de-
creased the uric acid not observed with CA.'® Johnson
et al. showed that hyperuricemia is associated with insulin
resistance, dyslipidemia, hypertension, and cardiovascu-
lar diseases in patients with CKD."

In patients with CKD, FGF-23 concentrations con-
stitutively elevate and increase progressively as kidney
function worsens.'® FGF-23 is released in the face of phos-
phate overload in non-CKD and patients with CKD. With
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FIGURE 4 (a)ICAM-1,(b) VCAM-1, (c) P-selectin, (d) E-selectin, (e) L-selectin. Values expressed as mean + SD *p < 0.05, **p < 0.01

reduced nephron mass, excessive FGF-23 concentrations
increase phosphorous elimination per nephron maintain-
ing normal serum phosphorous concentrations.'® This
normalization is not without consequence; FGF-23 is an
inhibitor of 1,25-dihydroxyvitamin D [1,25(OH)2D] syn-
thesis and further aggravates the prevalent vitamin D de-
ficiency seen in CKD.?® Excessive levels of phosphorous
and calcium are endogenous minerals capable of stimu-
lating the phenotypic transformation of vascular smooth
muscle cells into osteoblast-like cells.? Despite normal
values of calcium and phosphorous in patients with CKD,
40% of patients with CKD not receiving dialysis display
evidence of calcification on imaging.”* In the present
study, SC significantly reduced the FGF-23 levels at the
end of 12 weeks of study. Experimental CKD models in
animals showed that reducing intestinal phosphate ab-
sorption with sevelamer HCI lowered serum FGF-23 and
phosphorous concentrations.” Thus FGF-23 is considered
to be a logical target in early stages of CKD to slow the
progression of calcification with phosphate binders. In a
6-week period, Oliveria et al. targeted serum FGF-23 in
patients with stages 3 and 4 CKD with SC and CA, and at
6 weeks both phosphorous binders lowered FGF-23 lev-
els.”* However, this short-term study did not provide any
evidence of reduction or progression of vascular calcifica-
tion in response to FGF-23 reduction.

Furthermore, vascular calcification causes hemody-
namic alterations, such as reduced compliance of large
conductance arteries and autonomic dysfunction.?
Stiffening of the arterial media layer as a result of calci-
fication manifests clinically via increased elevated pulse
pressure. Moreover, higher FGF-23 concentrations have

been associated with increased arterial stiffness in patients
with CKD.*** Evidence suggests these homeostatic vascu-
lar protective mechanisms are deficient or nonfunctional
in patients with CKD resulting in increased amounts of
calcification in the CKD patient population.?®** A spe-
cific biomarker of interest is osteoprotegerin. Currently,
there are few published clinical trials on the effect of
sevelamer treatment on levels of calcification biomarkers,
specifically feutin-A in the non-dialysis population.’**
However, this short-term study did not provide any evi-
dence of reduction or progression of vascular calcification
in response to FGF-23 reduction.

Additionally, inflammatory cytokines have been asso-
ciated with the process of vascular calcification. Studies
have demonstrated that treatment with sevelamer may
have anti-inflammatory effects in hemodialysis pa-
tients.”*? In the current study, SC significantly reduced
the inflammatory markers IL-6, IL-8, IL-10, CRP, TNFq,
and IFN-y. All these inflammatory markers have been
associated with adverse outcomes and complications in
patients with CKD. Inflammatory cytokines also activate
and upregulate the expression of adhesion molecules,
intercellular adhesion molecule-1 (ICAM-1), vascular
cell adhesion molecule-1 (VCAM-1), E-selectin, and P-
selectin, which play a fundamental role in endothelial
dysfunction. Markers of endothelial function are asso-
ciated with cardiovascular events. In the present study,
there was a significant increase in circulating levels of
ICAM-1 and VCAM-1 with SC compared with CA and
these results are comparable with those reported in pre-
vious studies.’*** In accordance with the above specu-
lation, chronic uremia is known to be associated with
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elevated pro-inflammatory cytokine levels that can up-
regulate the expression and release of different adhesion
molecules.

Systemic inflammation has been regarded as a cardio-
vascular risk factor. Our study demonstrated a negative
correlation between serum VCAM-1 and HDL levels and
a highly significant correlation between both ICAM-1 and
VCAMS-1 and CRP levels; this is the first report of such a
relationship in chronic hemodialysis patients. Moreover,
compared with patients with normal CRP, patients with
elevated CRP had significantly increased serum ICAM-
1. The above findings are particularly important because
CRP is an accepted index of overall inflammatory activity
and a surrogate of underlying cytokine stimulus. Based
on the above results, an association among inflammation,
adhesion molecule release, dyslipidemia, and atheroscle-
rosis could be postulated.

Overall, SC versus CA resulted in significant reduc-
tion in either total cholesterol or LDL-C, with p < 0.0 and
<0.001, respectively. Both SC and CA resulted in distinct
and statistically significant reduction in IL-8 and TNF-a
as well as IFN-y a as compared to baselines, with greater
impact by SC versus CA.

Limitations of the study

Baseline parameters are within same ranges between the
two groups except for some parameters due to phosphate
binder therapy that was discontinued in study subjects re-
ceiving phosphate binder therapy 3 weeks (washout) prior
to starting of current study medications, which might not
be enough duration.
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