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Purpose: Phosphate binders (PB) are integral to hyperphosphatemia management in patients with end-stage
kidney disease. PB efficacy is adversely affected by nonadherence and limited phosphate-binding capacity relative
to dietary intake. Oxylanthanum carbonate is an investigational novel nanotechnology product that combines
lanthanum, which has the highest binding capacity of available PBs, with a smaller pill size that is swallowed
with water rather than chewed. This study’s objective was to demonstrate the pharmacodynamic equivalence of
orally administered oxylanthanum carbonate to lanthanum carbonate (LC) in healthy subjects.

Methods: In this phase one, single-center, randomized, open-label study, healthy subjects were treated with
oxylanthanum carbonate swallowable tablets 1000 mg three times/day and LC chewable tablets 1000 mg three
times/day in a two-way crossover design. The primary pharmacodynamic variable was the least squares mean
(LSM) change in urinary phosphate excretion from baseline to the evaluation period (Days 1-4 of treatment).
Findings: A total of 80 subjects were randomized and 75 received all doses. The LSM change in urinary phosphate
excretion from Baseline to the Evaluation (Treatment) Period was similar for both oxylanthanum carbonate (-
320.4 mg/day [90% CI: -349.7, -291.0]) and LC (-324.0 mg/day [90% CI: —353.3, —294.71); the between-group
LSM difference was 3.6 [90% CI: -37.8, 45.1] mg/day. Both drugs were well tolerated with an equal incidence
of adverse events.

Implications: Thus, oxylanthanum carbonate was bioequivalent to LC in healthy subjects and well tolerated. Oral
oxylanthanum carbonate may provide an option for patients with chronic kidney disease and hyperphosphatemia
for whom chewing tablets is disliked, inconvenient, or difficult.

Clinical Trial Registration Number: NCT06218290.

Introduction In patients with CKD G3a through G5D, representing a spectrum of

patients with reduced eGFR not yet on dialysis to those with kidney

End-stage kidney disease (ESKD) affects more than seven million
people worldwide.! Patients with chronic kidney disease (CKD) re-
tain phosphorus due to reduced glomerular filtration.? The incidence
of hyperphosphatemia increases with progressive reduction in the es-
timated glomerular filtration rate (eGFR) below 40 mL/min/1.73 m?;
once patients have reached ESKD, approximately 70% have hyperphos-
phatemia.* According to the Dialysis Outcomes and Practice Patterns
Study Practice Monitor, which reports data from a national sample of
United States hemodialysis patients, the most recent serum phosphate
concentration for the reporting period (February 2021) was >5.5 mg/dL
in 43.1% of patients and >4.5 mg/dL in 71.2% of patients.’

failure on dialysis,® current Kidney Disease Improving Global Outcomes
(KDIGO) guidelines recommend treatments for hyperphosphatemia such
as dietary intervention, phosphate binders (PB), and dialysis to lower
elevated serum phosphate concentrations toward the normal range
while avoiding hypercalcemia (calcium levels above 10.2 mg/dL [>2.55
mmol/L]).” These recommendations were based, in part, on a consistent
association between increasing serum phosphate and all-cause mortal-
ity in most studies examining this relationship. In one such study of
over 6000 patients with nondialysis-dependent CKD, each one mg/dL
increase in serum phosphate was associated with an estimated 25% in-
creased risk of all-cause mortality.®
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Period 1 Admission/Discharge® (8 days)

' Washout period started on Day 4 of period 1

T

Period 2 Admission/Discharge® (8 days)

2 Dosing periods started on Day 1 at 8:00 am and ended on Day 3 at 6:30 pm

3 Subjects arrived on Day -3 (3 days prior to receiving the first dose of the study drug) and were discharged on the

morning of Day 5

Note: The standardized phosphorous-controlled diet for both periods 1 and 2 was administered from Day -3 to 4 (7 days);
Urine measurements for both periods 1 and 2 spanned from Day -2 to 4 (6 days)

Figure 1. Study design overview—subjects underwent a 28-day screening period, followed by two dosing periods (Days 1-3 and Days 18-20) with a 14-day washout
(Days 4-17) between treatment periods. Subjects received a standardized phosphorous-controlled diet from Day -3 to Day 4 (7 days) of both periods. Urine was

collected every 24 hours from Day -2 to 4 (6 days) of both periods.

Despite the guidance from KDIGO, >40% of United States patients re-
ceiving hemodialysis had phosphate concentrations above >5.5 mg/dL
in their most recent measurement,® which, although reflecting a single
timepoint, is likely to not represent “approaching the normal range.” Po-
tential barriers to effective phosphate lowering include low adherence
to prescribed treatments® and insufficient phosphate binding capacity to
match dietary intake.'? With respect to PB specifically, high pill burden
due to the need to take multiple large pills and adverse gastrointesti-
nal effects may decrease adherence, consequently reducing effective-
ness.”>!!

Oxylanthanum carbonate is an investigational new drug being de-
veloped under FDA’s 505(b)(2) regulatory pathway. If approved, oxy-
lanthanum carbonate will share substantially the same product label
and prescribing information as the reference-listed drug Fosrenol® (lan-
thanum carbonate [LC]) with the exception that oxylanthanum carbon-
ate tablets are smaller in size and swallowed whole with water rather
than chewed. Oxylanthanum carbonate is a novel nanotechnology prod-
uct that contains lanthanum, which has the highest binding capacity of
available PB.'? Further, a significantly lower volume of oxylanthanum
carbonate is needed to bind an equivalent amount of phosphate com-
pared to LC (2.3 cm? vs 8.0 cm®).!® Thus, smaller oxylanthanum carbon-
ate tablets can likely bind an equivalent amount of phosphate than the
larger LC tablets, potentially improving effectiveness, adherence, and
patient quality of life. The objective of this study was to demonstrate
the pharmacodynamic equivalence of 1000 mg thrice-daily (TID) oral
(swallowed) oxylanthanum carbonate to 1000 mg TID oral (chewed)
LC in healthy subjects.

Participants and Methods
Overall Study Design

A phase 1, single-center, randomized, open-label, two-way crossover
study in normal healthy subjects was conducted from August 2022 to
October 2022 to establish pharmacodynamic equivalence between oxy-
lanthanum carbonate swallowable tablets 1000 mg TID and LC chew-
able tablets 1000 mg TID. Subjects were randomized to the order of
treatment with the two study drugs (oxylanthanum carbonate [Period
1] then LC [Period 2] or LC [Period 1] then oxylanthanum carbonate
[Period 2]) using a computer-generated randomization scheme.

The study consisted of a Screening Period (28 days before Day -4
of Period 1), two dosing periods separated by a 14-day washout pe-
riod, and a follow-up period of seven days after the last study drug dose
(Figure 1). Study subjects were housed in an inpatient clinical research

unit from Day -3 to Day 5 of each treatment period. Subjects received
a standardized phosphorous-controlled diet from Day -3 to Day 4 of
each study period. This diet was designed to contain a total phosphorus
content of approximately 1400 mg/day, with a total calorie content of
approximately 2500 kcal/day, divided approximately equally between
the three daily meals. The planned meals were also devised to provide
similar daily calcium intake (770-890 mg). The dietary phosphorus con-
tent selected for this study was chosen to be consistent with the mean
consumption of this mineral in the National Health and Nutrition Exam-
ination Survey population (1399 [95% CI: 1376,1423] mg/day).'* Be-
cause intestinal absorption of phosphate differs by phosphate source,!®
the study diet aimed to maintain constancy in the percentage of phos-
phorous from animal, plant, and inorganic sources on each day. Urine
was collected for 24 hours on five consecutive days during each study
period, beginning on Day —2. The central laboratory (Charles River Lab-
oratory Edinburgh LTD, Edinburgh, United Kingdom) performing analy-
sis of urine phosphate was blinded to treatment assignment. Urine phos-
phate results were not accessible to the study site at any time during the
study.

Participants

The study aimed to enroll a sufficient number of subjects to achieve
64 evaluable healthy volunteer subjects between the ages of 18 and 55
years (inclusive; see Table SI for a full list of eligibility criteria). 332 sub-
jects were screened and 80 were randomized to receive oxylanthanum
carbonate or LC (n = 40 for each group) (Figure 2).

Ethics Approval

The study protocol and the written informed consent form were
reviewed and approved by an Institutional Review Board (Advarra,
Columbia, MD) as required by the US Code of Federal Regulations (21
CFR 56). The study was conducted in accordance with Good Clinical
Practice, the US FDA Code of Federal Regulations 21 CFR 312, 21 CFR
Parts 50 and 46, and the World Medical Association Declaration of
Helsinki. A written informed consent was signed by each subject prior
to any study-related assessments or procedures.

Interventions
Each oxylanthanum carbonate tablet contained 1000 mg of lan-

thanum as oxylanthanum carbonate and inactive ingredients. Commer-
cially available Fosrenol® (LC) Chewable Tablets 1000 mg were used
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Screened
(N=332)
Screening Failure
(n=252)
Did not meet enrollment criteria (n=206)
. Declined to participate (n=11)
Randomized Study Full (n=25)
(n=80) Other (n=10)

OLC/LC (n=40)

Period 1 {

LC/OLC (n=40)

L Analyzed for Safety

Discontinued! Study
(n=2)

Discontinued? Study

(n=80)
(n=3)

OLC/LC (n=38)

Completed Study
(n=38)

Period 2 {

LC/OLC (n=37)
Analyzed for
| — Pharmacodynamics

Completed Study (n=75)
(n=37)

' All discontinuations were due to withdrawal by investigator for meal non-compliance

Figure 2. Participant flow—80 subjects were randomized and 75 completed dosing with both oxylanthanum carbonate (OLC) and lanthanum carbonate (LC). All
80 subjects were analyzed for safety and 75 subjects were analyzed for pharmacodynamics.

as the active comparator. The study drugs (1000 mg oxylanthanum car-
bonate or 1000 mg LC) were administered by the study staff one to 10
minutes after breakfast, lunch, and dinner on Days 1 to 3 of each study
period. The study staff observed subjects to ensure that LC had been
fully chewed and that all tablets of oxylanthanum carbonate had been
swallowed.

Outcome Measures

The primary pharmacodynamic outcome was the least squares mean
(LSM) change in 24-hour urinary phosphate excretion from the Baseline
Period to the Evaluation Period. The Baseline Period was defined as the
approximately 48-hour urine collection period starting on Day -2 and
ending on Day 1. The Evaluation Period was defined as the approxi-
mately 72-hour urine collection period starting on Day 1 and ending on
Day 4.

Safety assessments included the incidence, frequency, and severity
of adverse events. Adverse events were classified according to the ter-
minology of Medical Dictionary for Regulatory Activities (MedDRA Ver-
sion 25.0) by preferred term and system organ class (SOC).

Analytical Methods

The sample size was estimated based on pooled data of reductions
in urinary phosphate excretion observed in previous studies of LC. At a
significance level of 0.05, in a two-way crossover study design assuming
an expected treatment difference of 1.1 mmol/day for change in urinary
phosphate excretion and pooled standard deviation for the mean change
from baseline of 6.25 mmol/day, 32 subjects per treatment sequence
were estimated to provide a statistical power of 90% for two one-sided
equivalence tests.

The safety population, which was used to summarize safety data,
was prespecified as all randomized subjects who received at least one
dose of the study drug. The pharmacodynamic population, which was
used to summarize the primary outcome measure, was prespecified as all
subjects who completed all urine collection periods, had no important
protocol deviations with respect to consumption of the standardized diet
meals, and had taken all nine doses of study drug in both periods.

The primary pharmacodynamic variable was assessed using a mixed-
effect linear model with fixed effects for sequence, period, and study
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Figure 3. Daily urinary phosphate excretion over time (pharmacodynamic pop-
ulation)—A time-dependent reduction in urinary phosphate excretion was ob-
served during treatment with both oxylanthanum carbonate and lanthanum car-
bonate. Data depicted are mean + SD.

drugs; random effect for individual within-sequence, and baseline as a
covariate. Based on the mixed-effect linear model, a standard 90% CI
was constructed for the difference in LSM of change in urinary phos-
phate excretion from the Baseline Period to the Evaluation Period. In
addition, a reference interval (acceptance range) for the treatment (ef-
fect) was defined as +20% of the LSM of the primary pharmacodynamic
variable for LC. Additional details on the statistical model are included
in the supplement (see also Figures S1 and S2).

For safety analyses, descriptive statistics included the percentage of
observations in various categories. SAS® Version 9.4 (or higher) was
used for analyses and sample size estimations.

Results

A total of 80 subjects were randomized and 75 received all doses
of both study drugs (oxylanthanum carbonate and LC). All 80 subjects
were included in the safety population and 75 were included in the phar-
macodynamic population (Figure 2). Baseline characteristics were bal-
anced between the oxylanthanum carbonate/LC and LC/oxylanthanum
carbonate sequences (Table 1). The LSM (SE) phosphate excretion at
baseline was 861.6 (30.9) mg/day in the oxylanthanum carbonate group
and 876.1 (30.9) mg/day in the LC group (Table SII).

There was a time-dependent reduction in 24-hour urine phosphate
excretion during the treatment period (Day 1 to Day 3) in both treat-
ment groups (Figure 3). The LSM changes from baseline to the evalua-
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Table 1
Baseline characteristics.
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Characteristic

Treatment sequence

Oxylanthanum
carbonate/lanthanum
carbonate (n = 40)

Lanthanum

carbonate/oxylanthanum

carbonate (n = 40)

Total (n = 80)

Age* (years) Mean (SD)
Gender” (%) Male

Race* (%) White or Caucasian
Black or African American
Other

Ethnicity* (%) Hispanic or Latino

BMI* (kg/m?) Mean (SD)

Calcium' (mg/dL) Mean (SD)

Phosphate’ (mg/dL) Mean (SD)

Vitamin D' (ng/L) Mean (SD)

Parathyroid hormone (PTH)' (ng/L) Mean (SD)

Est. glomerular filtration rate (eGFR)* Mean (SD)

(mL/min/1.73 m?)

35.1(9.6) 33.7 (9.6) 34.4 (9.6)
50.0 55.0 52.5

87.5 92.5 90.0

12.5 2.5 7.5

0.0 5.0 2.5

80.0 87.5 83.8

26.0 (3.6) 27.3(2.8) 26.6 (3.3)
9.8 (0.4) 9.9 (0.3) 9.8 (0.3)
3.5(0.5) 3.4 (0.5) 3.5(0.5)
49.0 (13.0) 46.7 (13.5) 47.9 (13.3)
41.2 (15.2) 37.3(12.1) 39.2(13.9)
104.9 (12.9) 108.0 (12.4) 106.4 (12.6)

* Screening.
 Period 1 baseline.

Table 2

Treatment-related adverse events in at least 2 subjects by preferred term—safety population (number (%) of subjects).

TEAE preferred term

Oxylanthanum carbonate (n = 80)

Lanthanum carbonate (n = 80)

Any treatment-related TEAE" 20 (25.0)
Nausea 8(10.0)
Back pain 3(3.8)
Vomiting 3(3.8)
Diarrhea 2 (2.5)
Eructation 2 (2.5)
Abdominal distension 1(1.3)
Lip dry 0(0.0)
Somnolence 0(0.0)

20 (25.0)
5(6.3)
3(3.8)
1(1.3)
0 (0.0)
0 (0.0)
3(3.8)
2 (2.5)
2(2.5)

* “Any Treatment-Related TEAE” adverse events includes all treatment—emergent related adverse events. Individual events listed are those reported for at least

2 subjects. Data shown are number and percent of subjects.

+ Lanthanum Carbonate (N = 75)
(-324.0 [90% CI: -353.3, -294.7])

Oxylanthanum Carbonate (N = 75)
+ (-320.4 [90% CI: -349.7, -291.0])

Figure 4. Change in urinary phosphate excretion from base-
line to the evaluation period—The LS mean treatment effect
(OLC-LC) was 3.6 (90% CI: —-37.8, 45.1) mg/day, which was
within the bounds of the acceptance range (+20% of the refer-
ence [LC] LS mean change from baseline). Data depicted are
LS means + 90% CI.

-350+
-325+
=300+
-275-
o0y

LS Mean Change in Urinary Phosphate Excretion (mg/day)

tion period in urinary phosphate excretion during treatment with oxy-
lanthanum carbonate and LC were —320.4 mg/day [90% CI: —349.7,
-291.0] and -324.0 mg/day [90% CI: —353.3, —294.7], respectively
(Figure 4, Table SII). The treatment effect (oxylanthanum carbonate —
LC) was 3.6 mg/day [90% CI: —37.8, 45.1], which was within the bounds
of the acceptance range (+20% of the reference [LC] LSM change from
baseline [-64.8, 64.8]) (Table SII).

There were no serious or severe adverse events, or treatment-
emergent adverse events (TEAEs) resulting in treatment discontinuation
or interruption. The percentages of subjects with any adverse event dur-
ing the oxylanthanum carbonate and LC periods were equal (35.0%).
By body system, adverse events coded to the Gastrointestinal Disor-

=504

ders SOC were most common during both the oxylanthanum carbon-
ate (11 [13.8%] subjects) and LC (15 [18.8%] subjects) periods. None
of these TEAEs required treatment. All gastrointestinal system adverse
events were mild in severity other than two events reported as moder-
ate: toothache (oxylanthanum carbonate, one subject) and constipation
(LC, one subject).

The incidence of treatment-related TEAEs was the same for oxylan-
thanum carbonate and LC (25.0%) (Table 2) and the majority of these
were mild in severity. The highest incidence of treatment-related TEAEs
was in the Gastrointestinal Disorders SOC for both oxylanthanum car-
bonate (13.8%) and LC (18.8%). The most common of these was nausea,
which was reported in eight (10%) subjects treated with oxylanthanum



JID: CLITHE

V. Mathur, M. Walker, S. Hasal et al.

carbonate and five (6.3%) subjects treated with LC; all reports of nau-
sea were assessed as mild in severity. Subjects were not treated for any
of these events and there was no action taken with the study drug by
the investigator. Back pain, vomiting, and dry skin were all reported in
three (3.8%) subjects during oxylanthanum carbonate treatment. Back
pain, abdominal distension, and headache were each reported in three
(3.8%) subjects during LC treatment. All other treatment-related TEAEs
were reported in <two subjects during oxylanthanum carbonate and LC
treatment.

Discussion

In this randomized, two-way crossover design study, oxylanthanum
carbonate and LC were found to be bioequivalent in lowering urinary
phosphate excretion in healthy volunteers. While determination of drug
bioequivalence is generally done by utilizing pharmacokinetic mea-
surements, systemic oral bioavailability of lanthanum is minimal.'®-17
Thus, a bioequivalence approach for nonabsorbed drugs based on phar-
macodynamic endpoints, which is supported by regulatory guidance,
was used in this study.'® United States Food and Drug Administration
guidelines specific to LC recommend demonstration of bioequivalence
in healthy subjects with change in urinary phosphate as an endpoint.'®

Most patients on dialysis and a minority of patients with CKD not
on dialysis receive treatment for hyperphosphatemia.'?-2% Despite these
treatments, many do not approach normal phosphate levels.® The aver-
age overall pill burden for patients on dialysis is 19 pills per day and
approximately half of this burden arises from PB medications.!! Non-
adherence related to pill burden and other undesirable-to-patients at-
tributes of PB likely reduces their effectiveness.” Lanthanum has the
highest phosphate binding capacity of available PB!'? and thus has the
potential to be less burdensome in terms of number of required pills.
However, chewable LC tablets may result in variable efficacy related to
completeness of chewing.?! Oxylanthanum carbonate tablets are swal-
lowed whole, thus removing the need for patients to completely chew
the tablets to achieve the full effect of the treatment.

The strengths of this study included the randomized crossover de-
sign, tight control of dietary variability through the use of a study diet
standardized for phosphorus, calcium, and calories, as well as collection
of timed urine specimens, administration of study drug under direct su-
pervision in an inpatient setting, and reasonable demographic diversity
of the study population in terms of sex, race, and ethnicity. Limitations
of this study included its open-label design. Several aspects mitigated
the risk of bias from the open-label design: (1) the primary outcome
was based on an objective measurement (urinary phosphate); (2) the
analysis of urine phosphate was conducted at a laboratory blinded to
treatment assignment; and (3) the study site did not receive any urine
phosphate results. Additionally, because the study was conducted in a
healthy volunteer population (per regulatory guidance'®) rather than
in a CKD population, the study does not directly demonstrate safety or
efficacy in patients with CKD.

Although the majority of patients with ESKD in the United States are
managed with PB, the optimal strategies for garnering the greatest ef-
fectiveness from these drugs while minimizing pill burden and adverse
effects for patients are yet to be defined. In this study, we demonstrated
the bioequivalence of a novel nanotechnology product, oxylanthanum
carbonate, with LC. The higher intrinsic phosphate binding capacity of
lanthanum without the potential variability introduced by the need to
completely chew tablets may provide an additional option for patients
with hyperphosphatemia for whom chewing tablets is disliked, incon-
venient, or difficult.

Conclusions
Oxylanthanum carbonate was found to be bioequivalent to LC and

well tolerated in healthy subjects. A PB with the high intrinsic phos-
phate binding capacity of lanthanum and without the potential vari-
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ability in efficacy introduced by the need to completely chew tablets
may provide an additional option for patients with hyperphosphatemia
for whom chewing tablets is disliked, inconvenient, or difficult.
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