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Abstract

Background: A key focus for chronic kidney disease manage-
ment is phosphate control, but currently available binders have
suboptimal phosphate-binding capacity, and their character-
istics result in low adherence and poor phosphate regulation.
Oxylanthanum carbonate, a novel compound that uses propri-
etary nanoparticle technology to deliver lanthanum, has the
potential to combine high phosphate-binding capacity with
good intake convenience, thus improving adherence and
patient quality of life. The goal of this study was to assess
the volume of oxylanthanum Carbonate required to bind 1 g of
phosphate and compare it with other currently available phos-
phate binders to determine which binder allows for the highest
normalized potency with the lowest daily medication volume.
Methods: Six phosphate binders were assessed: ferric citrate,
calcium acetate, lanthanum carbonate, sevelamer carbonate,
sucroferric oxyhydroxide, and oxylanthanum carbonate. Table
volume measurements were taken using fluid displacement in
corn oil or water. Mean daily dose volume to bind 1 g of

phosphate was calculated as volume per tablet multiplied by
the mean number of tablets taken per day. Volume to bind
1 g of phosphate was calculated by dividing the volume per
tablet by its in vivo binding capacity. Results: Oxylanthanum
carbonate had the lowest mean volume, daily phosphate
binder dose volume, and equivalent phosphate-binding dose
volume (volume to bind 1 g of phosphate for each binder).
Conclusions: Oxylanthanum carbonate has the lowest daily
phosphate binder dose volume and the smallest volume
required to bind 1 g of phosphate compared to all other
commercially available phosphate binders. A randomized trial
that compares gastrointestinal tolerability across binders would
be warranted to demonstrate acceptability and adherence in

the target population. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Chronic kidney disease (CKD) and end-stage kidney dis-
ease (ESKD) affect an estimated 37 million and 785,000 people
in the USA, respectively [1, 2]. For patients with CKD,
phosphate regulation (normal phosphate concentrations being
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between 3 and 4.5 mg/dL) [3] is crucial to preserving the
proper function of many biological processes, including en-
ergy metabolism, cell signaling, regulation of protein synthesis,
skeletal development, and bone integrity [4].

The development of hyperphosphatemia (serum phos-
phorus concentrations >4.5 mg/dL) is associated with sig-
nificant pathophysiology and increased mortality risk, in-
cluding associated elevated risk of cardiovascular disease [5]
and an estimated 23% increased mortality risk in CKD
patients for each 1 mg/dL increase in serum phosphorus
[6]. Almost 75% of patients on dialysis have serum phos-
phorus concentrations >4.5 mg/dL [7]; therefore, a key focus
for CKD management is phosphate control.

Phosphate control strategies include restricting dietary
phosphate intake, enhancing phosphate elimination with
dialysis, and using phosphate binders. Currently, avail-
able phosphate binders reduce phosphate absorption by
binding to phosphate to form insoluble complexes that
are then excreted. Some investigational phosphate control
therapies act on one of two phosphate absorption path-
ways: the active transcellular pathway or the passive
paracellular pathway. For example, the novel drug tena-
panor blocks paracellular phosphate permeability by
inhibiting the sodium/hydrogen exchanger isoform 3
in the GI tract. Tenapanor has been shown to efficiently
reduce phosphorus levels in multiple clinical trials [8, 9].

Despite a multifaceted approach, management of phos-
phatemia remains unsuccessful in many patients [7]. Cur-
rently, available binders have suboptimal phosphate-binding
capacity, and their characteristics result in low adherence
and poor phosphate regulation. Current phosphate binders
can only bind about 300 mg phosphate/day, which is not
nearly enough to match a daily dietary phosphorus load of
about 1,400 mg [8]. Additionally, phosphate binders are the
single largest contributor to the daily pill burden in patients
on dialysis, accounting for ~50% of total daily pills [10]. Low
adherence is attributed to pharmacological characteristics
including perceived side effects and intake inconveniences,
such as taste, number of pills, and having to take pills with
meals [11]. As a result, a study of 135 hemodialysis patients
found that 78% of patients were not adherent over 8 weeks,
leading to mean phosphatemia levels that were 0.6 mg/dL
higher among nonadherent patients compared to adherent
patients [11]. Consequently, identifying a phosphate binder
that combines high phosphate-binding capacity with good
intake convenience may improve adherence and patient
quality of life, thereby potentially improving phosphate
control and clinical outcomes.

One potential compound is the investigational phos-
phate binder oxylanthanum carbonate, which is distinct
from the approved phosphate binder lanthanum carbonate
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in that it uses novel nanoparticle technology. The goal of
this study was to assess the volume of oxylanthanum
carbonate required to bind 1 g of phosphate and compare
it with other currently available phosphate binders to
determine which binder allows for the highest normalized
potency with the lowest daily medication volume.

Materials and Methods

Six phosphate binders were assessed: ferric citrate (1,000 mg),
calcium acetate (667 mg), lanthanum carbonate (500 and 1,000 mg
lanthanum), sevelamer carbonate (800 mg), sucroferric oxyhydrox-
ide (2,500 mg), and oxylanthanum carbonate (500 and 1,000 mg
lanthanum). The table volume measurements were conducted by
following the principle of fluid displacement, where the displaced
volume was equal to the volume of the tablets immersed in the fluid.
Graduated measuring cylinders of 10, 25, 50, or 100 mL were used,
depending on the size of the tablet. The medium for volume
measurement was corn oil or water. Corn oil was chosen as the
tablets remain intact in this medium, and the color of the oil allows
volume marks to be easily read. For some tablets, when effervescence/
bubbling was observed in corn oil, water (with added color for easier
reading of volume marks) was used. Tablets were slowly dropped
with forceps into graduated measuring cylinders containing a fixed
volume of suitable liquid, and the volume raised was observed and
noted. Each measurement was performed in duplicate.

The mean daily dose volume was calculated as the volume per
tablet multiplied by the mean number of tablets taken per day,
based on the literature. To calculate the volume to bind 1 g of
phosphate for approved phosphate binders, the volume per tablet
was divided by its in vivo binding capacity (grams of phosphate
bound by the amount of active ingredient in 1 tablet) based on the
NIH DailyMed website [12]. The phosphate-binding capacity data
for the investigational phosphate binder oxylanthanum carbonate
were obtained from an in vitro study.

Results

The volumes by tablet are listed in Table 1. The lowest
mean volume was demonstrated with oxylanthanum carbo-
nate (500 mg lanthanum), followed by oxylanthanum carbo-
nate (1,000 mg lanthanum), calcium acetate (667 mg), ferric
citrate (1,000 mg), sevelamer carbonate (800 mg), lanthanum
carbonate (500 mg lanthanum), sucroferric oxyhydroxide
(2,500 mg), and lanthanum carbonate (1,000 mg lantha-
num). The daily phosphate binder dose volume was
lowest with oxylanthanum carbonate and highest with
sevelamer carbonate, at 2.3 and 9.7 cm’, respectively
(shown in Fig. 1). The equivalent phosphate-binding
dose volumes - the volume to bind 1 g of phosphate
for each binder — were 5.6, 19.8, 25.0, 46.5, and 73.4 cm? for
oxylanthanum carbonate, lanthanum carbonate, calcium
acetate, ferric citrate, and sevelamer carbonate, respectively.
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Table 1. Phosphate binder volumes by
tablet

Fig. 1. Daily medication volumes. The

Tablet Daily Volume to bind
volume, medication 1g phosphate, cm3
cm3 volume, cm3
Ferric citrate (1,000 mg) 0.92 7.4-83 46.5
Calcium acetate (667 mg) 0.75 7.7 25.0
Lanthanum carbonate (500 mg  1.33 4.0-8.0 19.8
lanthanum)
Lanthanum carbonate (1,000 mg 2.67
lanthanum)
Oxylanthanum carbonate (500 mg 0.35 23 5.6
lanthanum)
Oxylanthanum carbonate 0.75
(1,000 mg lanthanum)
Sevelamer carbonate (800 mg) 1.08 9.7 734
Sucroferric oxyhydroxide 1.83 5.5-7.3 NR
(2,500 mg)
NR, not reported.
9.7
) 7.4-8.3
. 7.7 4.0-8.0
2.3
IOxyIanthanum- Sucroferric ' Calcium .- Lanthanum ' Ferric - Sevelamer '
Carbonate  Oxyhydroxide Acetate Carbonate Citrate Carbonate
Binders

daily dose volume of oxylanthanum car-
bonate was 3- to 4-fold lower than other
phosphate binders.

Discussion

To the best of our knowledge, this is the first publication
to report daily medication volumes and the medication
volume required to bind 1 g of phosphate across phosphate
binders. The novel phosphate binder oxylanthanum car-
bonate had a significantly lower daily dose volume com-
pared to currently available binders (2.3 vs. 4.0-9.7 cm?)
and had the greatest phosphate-binding “potency,” as
demonstrated by the comparatively low volume required
to bind 1 g of phosphate (5.6 vs. 19.8-73.4 cm?). These
results suggest that oxylanthanum carbonate will be much
easier for patients to ingest and may be particularly
valuable for patients with difficult-to-control phosphate.

The ultimate goal of phosphate management strategies for
patients with CKD or ESKD is to achieve normal phosphate
levels (3-4.5 mg/dL) [3] as per KDIGO recommendations

Daily Volume of Phosphate Binder

[13]. However, the large proportion of patients on dialysis
with phosphate concentrations over 5.5 mg/dL [7], despite
treatment with phosphate binders, highlights the current
deficiencies in phosphate management.

Suboptimal phosphate control may result from low
phosphate-binding capacity and poor adherence to phos-
phate binders. Binders can only control about 10-25% of
the average daily dietary phosphorus intake [14]. In
addition, almost 80% of patients on dialysis are not
adherent to the prescribed dosing schedule, which neg-
atively impacts their phosphorus concentrations [11]. Given
that a higher daily medication burden is associated with
significantly lower adherence and higher serum phosphorus
levels [10], it is then logical to assume that a binder with
increased phosphate-binding capacity and a lower daily
medication burden would enhance adherence and conse-
quently improve phosphate control and clinical outcomes.
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Of note, other factors also constitute important barriers to
phosphate binder adherence, including the burden of taking
daily medication, high dosing frequency (e.g., 3 times/day),
adverse side effects, tablets that are hard to swallow (due to
taste, shape, or size), lack of belief in the effectiveness
of phosphate binders, and lack of knowledge about how
phosphate binders work and why taking them consistently
per prescribing information is important [11]. Improving
one or more of these factors may increase adherence, thereby
increasing phosphate binder efficacy.

There are some limitations to this study. First, the calcu-
lations performed in this study were based on the literature
reporting the mean number of phosphate binder tablets taken
per day, which may not be generalizable to the target
population of patients with CKD and ESKD. However, these
study results are valuable because they provide the first
published comparison of medication volumes across binders
and can serve as a guide for clinicians looking to select a
therapy that will improve ease of ingestion. Second, this study
did not assess the tolerability of phosphate binders and
gastrointestinal adverse events, another common reason for
binder nonadherence or discontinuation [11]. However, oxy-
lanthanum carbonate was safe and well tolerated in preclinical
studies and a phase 1 trial in healthy volunteers [15].

Oxylanthanum carbonate combines high phosphate-
binding capacity with a low medication volume, making
this a new binder option that could potentially improve
adherence and clinical outcomes. For clinicians, improved
phosphate control will allow them to focus patient care on
other aspects of CKD management to optimize patient
quality of life and reduce morbidity and mortality.

Conclusions

We demonstrated that oxylanthanum carbonate, a novel
compound that uses proprietary nanoparticle technology
to deliver lanthanum, has the lowest daily phosphate binder
dose volume and the smallest volume required to bind
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