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Objective: Opposite to lanthanum carbonate (LC), sevelamer hydrochloride (SH) may increase
intestinal calcium absorption. The study compared the effects of LC and SH on serum and urine
phosphate and calcium, and on hormones regulating mineral-bone metabolism.

Patients and Methods: A prospective randomized crossover study included 34 patients
with eGFR <60 mL/min. A single oral dose of LC (1,000 mg) or SH (2,400 mg) was
administered in random order 15 minutes after a standardized meal fortified with 5 g calcium
carbonate. Serum calcium, phosphate, and parathormone were measured before and 3, 6, 12,
and 24 hours after each medication. Bone alkaline phosphatase (BAP), sclerostin, calcitriol,
and FGF-23 were measured at baseline and after 12 and 24 hours. A 24-hour calcium and
phosphate excretion was measured after each drug.

Results: Serum calcium increased 3 and 6 hours after SH then returned to baseline. After LC
calcium was unchanged for up to 3 hours then transiently increased and eventually returned
to baseline. The area under curve (AUC) of serum calcium for 12 hours after SH was larger
than after LC (p=0.04). Serum phosphate decreased after each drug with a nadir 3 hours post-
SH and 6 hours post-LC. AUC of serum phosphate was similar after both medications. PTH
decreased transiently after both drugs. BAP did not change. FGF-23 was constant for the first
12 hours but later decreased after each drug.

Conclusion: A 2,400 mg SH and 1,000 mg LC are similarly effective in lowering serum
phosphate in CKD, but LC induce in less intestinal calcium absorption after a meal. The trial
was registered on February 23, 2018 in the clinicaltrial.gov database — NCT03451019.
Keywords: calcium, chronic kidney disease — mineral bone disorder, hyperphosphatemia,
phosphate-binders, PTH

Introduction

Cardiovascular risk increases steeply with the progression of chronic kidney disease
(CKD)." Although the mechanisms linking CKD with cardiovascular disease are
complex they appear to be closely associated with the development of the mineral
and bone disorder (CKD-MBD).*?

CKD-MBBD starts to develop as early as in stage 2 CKD and advance in parallel
with the progression of the disease. CKD-MBD is associated with a progressive
decrease of serum calcitriol and Klotho concentration and a great increase of serum
FGF-23 and PTH.>* Phosphate retention appears to be a primary mineral
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disturbance that leads both to the stimulation of the para-
thyroid glands to secrete PTH and the osteocyte to secrete
FGF-23. Increased concentrations of phosphorus and FGF-
23 are recognized as major risk factors of cardiovascular
morbidity in CKD.>

Effective control of phosphate metabolism in CKD
may be crucial in preventing the progression of vascular
calcifications and cardiovascular disease.”® Dietary
restriction of phosphate intake may be insufficient to main-
tain normal serum phosphate levels in these patients as it
may cause or worsen protein and energy malnutrition.
Thus, most CKD patients require oral phosphate binders
to control hyperphosphatemia.

Calcium-containing oral phosphate binders may induce
hypercalcemia and thereby promote vascular calcification
that adds to the risk of cardiovascular events.’'’

Therefore, drugs were searched for that would be effective
in lowering serum phosphate and at the same time did not
cause hypercalcemia. Those calcium-free binders that contain
a resin such as sevelamer or a metal such as lanthanum may
have a more favorable safety profile.”'” A meta-analysis
showed that sevelamer hydrochloride (SH) use was associated
with the reduction in all-cause but not cardiovascular mortality
compared to calcium-based binders."" Toussaint et al'’
showed a reduction of aortic calcification with lanthanum
carbonate (LC) compared to calcium-based binder use.

A single study in healthy volunteers that compared
calcium absorption after a single-dose of LC (1,000 mg)
or SH (2,400 mg) showed that only the administration of
the former reduced the amount of calcium absorbed from
the intestine within 2 hours after its administration.?
However, similar studies have not been conducted in
patients with CKD with kidney function impairment.

The aim of our study was to compare the effect of
a single dose of LC and SH following an oral load of
calcium carbonate on serum concentration and urine
excretion of phosphate and calcium, and on the hormones

that regulate mineral metabolism.

Patients and Methods
The study was a prospective comparative crossover rando-
mized open-label trial. The effect of a single dose of
1,000 mg LC with 2,400 mg SH on serum and urine
calcium and phosphate following the oral load of 5 g of
calcium carbonate with a meal with standardized calcium
and phosphate content was compared.

The study protocol has been approved by the local
Bioethics Committee of the Medical University of £.6dz

and each patient gave informed written consent for parti-
cipation in the study. The study was conducted in accor-
dance with the Declaration of Helsinki.

Patient enrollment for the study started in March 2018,
and the clinical part of the study was completed in
December 2020. Thirty-four patients (18 male, 16 female,
mean age 62+14 years) with eGFR <45 mL/min were
included. The exclusion criteria included hypercalcemia
(>ULN), serum phosphate >1.2-times upper limit of nor-
mal range and calcium-phosphate disturbances not asso-
ciated with CKD, eg, Paget’s disease, severe osteoporosis,
any bone fracture within 6 months before the study, pre-
vious diagnosis of multiple myeloma or any malignancy,
liver or biliary tract disease, primary hyperparathyroidism,
use of phosphate binder or other drug that may interfere
with intestinal calcium absorption within 2 weeks before
the qualification visit including use of active vitamin
D (1-alpha, calcitriol, or vitamin D analog) less than 1
week before the qualification visit. Inactive vitamin D, ie,
cholecalciferol or calcifediol, was allowed in a dose <800
1U/24 hours provided that it was continued in unchanged
dose for the duration of the study. The patients were
randomly allocated to two equal size arms in which they
received either LC followed by SH or SH followed by LC.

A single oral dose of LC (1,000 mg) or SH (2,400 mg)
was administered in a random order with a 48-hour wash-
out period between the administration of phosphate bin-
ders. Each study medication was given 15 minutes after an
oral intake of 5 g of calcium carbonate with a meal con-
taining the standardized amount of calcium and phosphate.
The study design is shown in Figure 1.

Serum calcium (Ca), phosphate (P), and parathyroid
hormone were measured at baseline and 3, 6, 12, and 24
hours after the administration of each study drug. BAP,
sclerostin (Scl), 1,25-OH,_ vitamin D3, and FGF-23 were
measured at baseline and 12 and 24 hours after each dose.
The urine for the assessment of calcium, phosphate, and
creatinine (Cr) excretion was collected for 24 hours after
the administration of each study drug. Urine phosphate
and calcium-to-urine creatinine ratios were calculated to
assess phosphate and calcium excretion.

The 12-hour area under the curve (AUC) of serum calcium
and phosphate was calculated using the trapezium method.

The descriptive statistics included the calculation of the
arithmetic mean and standard deviation (SD) or median with
25-75% interquartile range. The changes of urine electro-
lytes induced by study medication was shown as mean with
95% confidence interval. Normality of the distribution of
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Figure | Flowchart showing the study design.

variables was examined with Shapiro—Wilk test. The means
between groups were compared with two-sided #-test or
Mann—Whitney test depending on variable distribution.
ANOVA was used to analyze repeated measurements.
P-value <0.05 was taken as significant.

Results

Serum calcium concentration increased slightly but signifi-
cantly after a high-calcium meal followed by 2.4 g of SH from
2.28+0.14 to 2.31+0.16 and 2.32+0.2 mmol/l 3 and 6 hours
post-dose, respectively (p=0.02). Serum calcium returned to
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baseline level in the following 6 hours. After the high-calcium
meal followed by 1,000 mg of LC serum calcium did not
significantly change from baseline (2.26+0.14) for up to 3
hours post-dose (2.26+0.18) but later (6 hours post-dose)
increased to 2.29+0.19 mmol/l (p=0.02) and returned to base-
line in the next 6 hours (Figure 2). AUC of serum calcium for
12 hours following SH administration was significantly larger
than after LC (6.91+0.43 versus 6.82+0.51) (p=0.04).

Serum phosphate decreased rapidly after both drugs with
a nadir at 3 hours after SH and at 6 hours after LC (1.20
+0.26 mmol/l versus 1.19+0.27 mmol/l; ns) (Figure 3). AUC
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Figure 2 Serum calcium concentration over 24 hours following a single oral dose of sevelamer or lanthanum.
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Figure 3 Serum concentration of phosphate after a single oral dose of sevelamer or lanthanum.

of serum phosphate was similar after both medications (3.51
versus 3.79 after SH and LC, respectively).

Serum PTH decreased transiently after both drugs with
a nadir at 3 hours post-dose but later increased above
baseline levels (Figure 4).

As shown in Table 1, serum BAP remained unchanged
after each drug. Serum FGF-23 was unchanged at 12 and
24 hours after each phosphate binder. Serum sclerostin did
not significantly change during the study. 1,25-OH, vita-
min D3 (1,25(OH)2D3) remained stable after SH and LC.

Urine calcium to creatinine ratio did not change sig-
nificantly for 24 hours after SH (mean change 16 mg/g;
95% CI [-23, 45]) or LC (mean change 12 mg/g; 95% CI
[-15, 36]). There were also no statistically significant
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changes of urine phosphate/creatinine ratio after SH
(mean change —88 mg/g [95% CI —354, 33]) or LC
(mean change —96 mg/g [95% CI —244, 52]).

Discussion

Our study showed that both LC in a single oral dose of
1,000 mg and SH in the equipotent single-dose of 2,400 mg
decreased serum phosphate concentration to a similar extent
and caused a similar decrease of urine phosphate excretion.
Such effects were seen in previous clinical studies that used
the same doses of both phosphate binders, ie, 1,000 mg and
2,400 mg, respectively, as well as in several experimental

animal studies.'?%!
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Figure 4 Plasma concentration of PTH after a single dose of sevelamer and lanthanum.
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Table | The Changes of Serum Sclerostin (SCL), Bone Alkaline Phosphatase (BAP), Fibroblast Growth Factor-23 (FGF23), and 1,25-
Dihydroxy-Vitamin D 12 and 24 Hours After a Single Oral Dose of Sevelamer and Lanthanum

Sevelamer Hydrochloride

Lanthanum Carbonate

After 12 Hours After 24 Hours After 12 Hours After 24 Hours
SCL [ng/L] —0.33 [-6.0, 5.8] —3.50 [-15, 7.8] 2.73 [-3.6, 4.1] 1.03 [-3.7, 5.7]
BAP [U/L] 1.22 [-0.93, 3.37] 1.87 [-0.19, 3.94] 0.45 [-0.88, 1.79] 0.37 [-1.09, 1.20]
FGF23 [RU/mL] 32.6 [-5.3, 70.5] —25.5 [-108, 57.4] 8.6 [16.6, 33.9] —12.1 [-29, 5.6]
1,25-OH [mmol/I] 0.07 [-4.3, 4.5] 0.18 [-3.8, 4.1] —1.70 [-15.3, 1.3] —0.47 [-13.6, 4.1]

Notes: Mean and 95% confidence interval [lower limit, upper limit].

It was postulated that the treatment with LC may provide
an additional benefit compared to SH due to lower risk of
hypercalcemia.?’ Our study may support that notion since we
were able to show a small but significant increase of serum
calcium concentration after a single dose of SH in patients
with CKD with reduced GFR. In contrast, a dose of LC did
not result in a significant change of serum calcium 3 hours
after the drug dose. Although 3 hours later the increase of
serum calcium after LC became significant, 12-hour AUC for
serum calcium after drug doses remained significantly larger
after SH than after LC. A similar observation was made by
Behets et al*’ after a single dose of 1,000 mg LC or 2,400 mg
sevelamer carbonate; however that study included only
healthy volunteers with normal renal function. We also mea-
sured the urine excretion of calcium that was similar after
both binders. In contrast, Behets et al?° observed an increase
of urinary calcium excretion after SH but not after LC.

These two observations may suggest the increased gas-
trointestinal absorption of calcium after SH compared to LC.
Behets et al*° tried to further investigate the mechanism of
this effect and demonstrated the direct inhibitory effect of
lanthanum on calcium transport in the intestinal epithelium.
The exact molecular mechanism was not elucidated in their
study but another earlier experimental study showed that
lanthanum carbonate may inhibit intestinal oxalate absorp-
tion and thus might limit calcium absorption due to increased
calcium oxalate formation in the intestine.”

Furthermore, one systematic review confirmed that
lanthanum but not SH led to significant reduction of
serum calcium compared with calcium-based agents.'®
That finding was, however, based only on the results of
two studies and the difference between two binders was
small, ie, —0.35 mg/dL, 95% CI=—0.64 to —0.25. The same
analysis also provided the evidence that the use of both SH
and LC in dialysis patients may reduce the number of
hypercalcemic episodes compared to calcium-based phos-
phate binders. However, the studies included in that

analysis were not designed and sufficiently powered to
directly compare SH to LC-based binder.'®

In another meta-analysis'' and in an animal experiment”'
carried out in a model of kidney failure with a treatment
period of 4 weeks no difference in the incidence of hypercal-
cemia between SH and LC was revealed.

Prajapati et al'> in turn reported an opposite effect in
hemodialysis patients and found a small non-significant
increase of serum calcium during SH treatment and
a significant increase of serum calcium in LC-treated
patients. However, the patients in that study were treated
with different doses of phosphate binders, ie, 1,200 mg/24
hours SH and 1,500 mg/24 hours LC, and the treatment
period was 3 months.

We did not reveal any difference in the effect of SH and
LC on serum PTH. That finding could be explained by the
small difference in the reported effect on serum calcium and
a short duration of the observation. Also, Behets et al,* in
their single dose experiment, did not find any difference of
the serum concentration of PTH between SH and LC.

Gonzalez-Parra et al*> conducted a study that included
patients with stage 3 CKD. The patients received LC 750 mg
thrice daily for 4 weeks but that did not lead to any significant
change of serum PTH. Also Spasovsky et al** did not report
any significant effect of 1-year treatment with LC on serum
PTH and BAP. Prajapati et al'” in turn found a significant
decrease of PTH concentration after 12-week treatment with
LC and SH in hemodialysis patients.

Patel et al'® found that SH treatment was associated
with an increase of serum PTH compared to calcium-
containing oral phosphate binders.

Iwata et al*> studied the effect of SH on selected
markers of bone turnover in hemodialysis patients with
adynamic bone disease and showed that the conversion
from calcium binders to SH led to the increase of both
PTH and BAP. These effects were only seen after 48

weeks of treatment.
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The previously reported effects of oral phosphate bin-
ders on serum FGF-23 have been conflicting. Our study
did not show any difference in FGF-23 concentration after
a single dose of SH and LC. Gonzalez-Parra et al*
showed in a rat experiment that 4-week LC treatment
significantly decreased serum FGF-23. Phan et al*' and
12° found that neither 4 nor 12-week SH admin-
istration resulted in significant changes of serum FGF-23.
The lack of effect of phosphate binders on serum FGF 23

in our study could be explained by its short duration, since

Spatz et a

the changes of this hormone are only seen after at least
several days of treatment.”’*®

Block et al® assessed the effect of phosphate binders
including calcium acetate 1.5 g elemental calcium, 2.7 g/d
lanthanum carbonate, and 6.3 g/d sevelamer carbonate on
bone turnover parameters in CKD patients. In their study,
intact FGF-23, ie, the same as assessed in our study,
decreased after SH and increased after calcium acetate
but C—terminal FGF-23 did not change.®

1,25-OH vitamin D remained unchanged after SH in our
study, but decreased 12 hours after LC and later returned to

baseline. Pierce et al®’

compared the effect of two non-
calcium binders, ie, SH and LC on 1,25-OH vitamin
D concentration in healthy volunteers treated with calcitriol
and showed that after SH serum concentration of calcitriol
was lower after the treatment in patients who received
a combined LC and calcitriol therapy than in those who
only received calcitriol. The authors suggested that the dif-
ference could be explained by the fact that only SH can bind
the bile salts that may lead to the impairment of the absorp-
tion of fat-soluble molecules including vitamin D sterols.

Although our study included a small number of partici-
pants and assessed only the effect of a single dose, there was
a significant difference in the effect of two non-calcium
phosphate binders on serum calcium after a meal fortified
with calcium carbonate without any difference in their effect
on serum phosphate. The clinical relevance of this effect
needs to be investigated in a longer and larger study.
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