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Abstract

Background and Objective Anemia caused by iron depletion is common in patients with hemodialysis-dependent stage 5
chronic kidney disease (CKD-5HD) patients. To maintain the iron levels, external administration of iron is essential. Ferric
pyrophosphate citrate (FPC) is a novel, water-soluble complex iron salt. The present study was conducted to evaluate the
pharmacokinetic (PK) parameters and safety of FPC in adult healthy Chinese subjects and patients with CKD-5HD.
Methods Two open-label, single-center studies were conducted in healthy subjects and patients with CKD-5HD. Healthy
subjects received a single intravenous dose of 6.5 mg FPC solution, while CKD-5HD patients were randomized to two differ-
ent sequences of FPC administration at two sequential hemodialysis (HD) treatments (dose 1 and dose 2). Patients received
27.2 mg of FPC at a dialysate concentration of 95 pg/L for 4 h or a single 6.5 mg dose of FPC administered intravenously via
the pre-dialyzer blood circuit. The primary objective was to determine the PK parameters of total serum iron (Fe,), while
the secondary objective was the safety of the FPC solution. PK parameters were calculated using Phoenix WinNonlin 8.1
and other parameters were analyzed using SAS 9.4 software. Comparison between HD dose 2 and HD dose 1 was performed
using the Wilcoxon rank-sum test and analysis of variance (ANOVA).

Results A total of 14 healthy subjects with a mean age of 30.8 + 5.92 years and 12 HD patients with a mean age of
54.3 + 16.47 years were included. In healthy subjects, the peak serum concentration was reached at the end of infusion of
FPC, with an adjusted mean maximum concentration (Cy,, ) of 33.46 + 4.83 pmol/L at a mean time to reach C,,, (Ty,,)
of 4.09 £ 0.19 h. In patients with CKD-5HD, the adjusted mean C,,,, of HD dose 2 was 25.37 + 4.30 pmol/L. ata T, of
3.09 £ 0.32 h, whereas the C,,,, of HD dose 1 was 24.59 +4.77 pmol/L ata T, of 3.96 + 0.26 h. The Fe, concentration-
time curves were observed to be similar for both administration methods (HD doses 1 and 2), while the PK parameters dif-
fered significantly for 7,,,, (p = 0.001; baseline correction) and area under the concentration-time curve from time zero to
time ¢ (AUC,) [p = 0.031 for cycle variance; without baseline correction] between HD doses 1 and 2. The geometric mean
ratios (HD dose 1/HD dose 2) for C,,,, and AUC, were within the 85-125% range (C,,,, 96.56%; AUC, 96.07%). A total
of three and two incidences of adverse events were reported in healthy subjects and patients with CKD-5HD, respectively.
Conclusion FPC showed a good PK and safety profile and hence can be used as maintenance therapy for patients with CKD-
SHD by choosing a better method of administration based on clinical feasibility and requirement.

Clinical Trial Registration CTR20181113 and CTR20181119.
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It has been established that anemia caused by iron deple-
tion is seen in patients with hemodialysis-dependent
stage 5 chronic kidney disease. Hence, external adminis-
tration of iron is an essential goal.

FPC is complex iron salt that is an iron replacement
treatment to maintain hemoglobin for such patients.

The pharmacokinetics and safety profile supports its use
as maintenance therapy.

1 Introduction

Iron deficiency anemia is a frequently encountered clinical
condition in patients with hemodialysis-dependent stage 5
chronic kidney disease (CKD-5HD) [1]. An iron deficiency
could be categorized as absolute iron deficiency wherein
there is an inadequacy in stored iron, or functional iron defi-
ciency characterized by adequate stored iron but lack of iron
available for absorption into erythroid precursors [2]. Both
forms of iron deficiency are seen in CKD-5HD patients.
While absolute iron deficiency is due to an increased rate
of blood loss during dialysis, gastrointestinal bleeding and
platelet dysfunction, functional iron deficiency is mediated
by the elevated levels of hepcidin that could interfere with
the sequestration of iron from the reticuloendothelial system
for the process of erythropoiesis [1].

To counter absolute and functional iron deficiency,
patients with CKD may require oral or intravenous iron
supplementation depending on their need for hemodialy-
sis [3]. While the therapeutic clinical practice guidelines
recommend intravenous iron supplementation in patients
with CKD-5HD, intravenous iron could potentially lead to
inflammation, culminating in cardiovascular disease and
immune deficiency [4, 5]. Furthermore, all the currently
available intravenous iron supplements consist of a core of
ferric hydroxide within a carbohydrate shell designed for the
slow release of iron [6]. However, despite the slow release
of intravenous iron supplementation, smaller quantities of
non-transferrin bound iron could lead to the abovementioned
cascade of adverse events (AEs), which has been confirmed
by the identification of biomarkers of oxidative stress in
plasma in previous clinical trials [7, 8].

In order to overcome the potential issues with intrave-
nous iron supplementation, ferric pyrophosphate citrate
(FPC; Triferic®), a complex iron salt, was approved by the
US FDA in January 2015 for the iron replacement treatment
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of patients with CKD-5HD [9]. FPC is administered along
with the dialysate, providing a source of iron administered
over a course of hours that alleviates the adverse effects of
intravenous iron supplementation [9]. Furthermore, owing to
the strong bond between iron, pyrophosphate and citrate, the
availability of free iron is limited, which further minimizes
the oxidative damage [10].

In China, as per a previous study, the age-adjusted preva-
lence of CKD-5HD is 122.19 per million and approximately
20% of patients with end-stage renal disease requiring
dialysis treatment were anemic [11, 12]. Despite the high
prevalence of anemia in patients with CKD-5HD in China,
only 39-46% of patients achieved target hemoglobin lev-
els of 10-12 g/dL, highlighting the existence of an unmet
therapeutic need in China [13]. Hence, FPC may provide a
therapeutic option for treating anemia in Chinese patients
with CKD-5HD. The CRUISE 1 and 2 and PRIME stud-
ies demonstrated the efficacy of FPC administered with
dialysate in maintaining hemoglobin levels from baseline
to end of treatment in a Caucasian population [14, 15].
However, due to perceived genetic differences in an ethnic
Chinese population, the pharmacokinetics (PK) of FPC need
to be established in the Chinese population. Therefore, the
current study was performed to evaluate the PK and PD of
FPC in healthy Chinese subjects and Chinese patients with
CKD-5HD.

2 Methods
2.1 Study Design

Two open-label, single-center studies were designed to
evaluate the PK and safety of FPC in Chinese adult sub-
jects with and without (healthy subjects) CKD-5HD.
Evaluation of the PK and safety of FPC in healthy sub-
jects was performed in a single-arm study approved
by the Ethics Committee of Beijing Hospital (regis-
tered number: CTR20181113; ethic approval number:
2018BJYYEC-188-02) and subjects were recruited in
January 2019. The PK and safety assessment of patients
with CKD-5HD was a two-sequence, randomized study
approved by the Medical Ethics Committee of Peking
University People’s Hospital (registered number:
CTR20181119; ethic approval number: 2018HA059-002)
and patients were recruited from 2018 to 2019. Both stud-
ies were carried out in accordance with the ethical prin-
ciples of the Helsinki Declaration, and according to the
guidelines of the Chinese National Medicinal Products
Administration (NMPA) for clinical trial application. All
patients provided written informed consent before partici-
pating in this study.
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2.2 Subjects

For the PK and safety assessment study of Chinese sub-
jects without CKD-5HD, healthy adult subjects (19-55
years of age) with a body weight > 50.0 kg and a body
mass index (BMI) > 19 to < 28 kg/m?, with transferrin satu-
ration (TSAT) of 20-45% during screening and total iron
binding capacity (TIBC) of > 25 pg/dL (40 uM), as well
as those who agreed to discontinue all iron preparations 14
days before the baseline period, were included. Female sub-
jects were premenopausal, non-pregnant, and non-lactating.
Subjects with hemoglobin concentration (Hgb) < 120 g/L
(male) or < 110 g/L (female) during screening, those with
comorbid or recurrent diseases or those who developed acute
disease within 14 days before the screening period, subjects
who were intolerant or allergic to iron preparations, those
who received blood or blood components (plasma or plate-
lets) within 30 days before baseline period, and those who
had participated in any other clinical trial 3 months prior to
enrollment were excluded from the study. The PK and safety
assessment study of healthy subjects included a screening
period of 28 days followed by an iron-restricted diet for 2
days (day 1 to day 2), estimation of baseline parameters (day
3), and treatment period (day 4 to day 5).

For the PK and safety assessment study of Chinese
patients with CKD-5HD, patients aged 18-80 years who
had undergone long-term HD for CKD for at least 3 months
and were expected to undergo maintenance hemodialysis
(HD) for at least three times a week, and with ferritin, TSAT
and Hgb concentrations of > 200 pg/L, 15-45%, and > 9.0
g/dL at screening, respectively, as well as those who were
receiving or could receive dialysis anticoagulant therapy
with a single dose of unfractionated heparin or low molecu-
lar weight heparin before dialysis or through intermittent
intravenous heparin bolus injection through a dialyzer blood
circuit, and those who agreed to discontinue all iron supple-
ments (oral and intravenous) 14 days before the start of treat-
ment and throughout the study period were included. In the
case of female patients, only non-pregnant and non-lactating
patients were included. Furthermore, all included patients
must have had a minimum of one dialysis adequacy meas-
urement, defined as a single pool Kt/V [(dialyzer clearance

Table 1 Sequence of administration of FPC in CKD-5HD patients

rate of urea X dialysis time)/patient’s body water content]
> 1.2, or KI Dt/V [(dialyzer clearance rate measured by ion
dialysate X dialysis time)/patient’s body water content) > 1.2
within 120 days before recruitment into the study. Patients
who had received a blood transfusion within 14 days of
the start of treatment or those with known active bleeding
in any part of the body except the arteriovenous fistula or
artificial vascular access, patients who were scheduled for
renal transplantation during the study period, and those with
any other inflammatory diseases, cirrhosis, infections need-
ing antimicrobial therapy, abnormal alanine transaminase
(ALT; > 2-fold) and/or aspartate transaminase (AST) levels
were excluded from the study. The PK and safety assessment
study of Chinese subjects with CKD-5HD involved a screen-
ing period of 28 days followed by 3 days of treatment (1-3
days) and 4 days of follow-up (4-7 days).

2.3 Randomization and Treatment

For the single-arm PK and safety assessment study of
healthy volunteers, a total of 16 subjects were included. All
patients were administered 180 mL of FPC solution con-
taining 6.5 mg of iron intravenously for 4 h. For the PK and
safety assessment study of CKD-5HD patients, a total of
12 patients were randomized to either of the two sequences
of FPC administration. Patients were randomized using
SAS 9.4 software in a 1:1 ratio (SAS Institute Inc., Cary,
NC, USA). In sequence 1, 27.2 mg of FPC was added to
10 L of bicarbonate concentrate and administered through
the dialysate for 4 h on day 1 of HD treatment (HD dose 1)
followed by a single 6.5 mg dose of FPC administered intra-
venously via the pre-dialyzer blood circuit for 3 h on the
third day (HD dose 2). In sequence 2, HD dose 2 on day 1
was followed by HD dose 1 on day 3 (Table 1). The final
concentration of iron in the dialysate was 95 pg/L (1.7 uM).
The study designs are presented in Electronic Supplemen-
tary Fig. 1.

2.4 Sample Collection

Blood samples for the evaluation of PK in healthy subjects
were drawn O h before administration, and 1, 2, 3, 4, 4.5,

Sequence of HD #1 HD #2

administra-

tion

Sequence 1 FPC containing 27.2 mg Fe in 10 L bicarbonate concentrate FPC (pre-dialyzer) containing 6.5 mg Fe was administered by
and administered through the dialysate for 4 h blood circuit for 3 h

Sequence 2 FPC (pre-dialyzer) containing 6.5 mg Fe was administered by ~ FPC containing 27.2 mg Fe in 10 L bicarbonate concentrate and

blood circuit for 3 h

administered through the dialysate for 4 h

CKD-5HD hemodialysis-dependent stage 5 chronic kidney disease, FPC ferric pyrophosphate citrate
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5,6, 8,10, 12 and 18 h after administration on the fourth
day, and total serum iron (Fe,,) was determined. Based
on the pattern of metabolism of iron, baseline Fe,, values
were taken on the third day by collecting blood samples at
different time points (0, 1, 2, 3, 4, 4.5, 5, 6, 8, 10, 12, and
18 h) starting at 08.00 in the morning (0 h). On the morn-
ing of day 5 of the study, subjects were discharged from
the hospital. In the case of patients with CKD-5HD, the
blood samples were drawn at 0 h before administration and
1,2,3,3.5,4,4.5,5,6, 8, 10, and 12 after administration
of each dose of FPC (HD dose 1 and HD dose 2).

2.5 Bioanalytical Methods

Serum iron was detected indirectly using a validated
autoanalyzer method. Under acidic conditions, the trans-
ferrin-iron complex releases iron (ferric ion), which is
reduced to ferrous ion by ascorbic acid, and this ferrous
ion reacts with ferrozine to form a colored complex; the
intensity of color formed is directly proportional to the
concentration of iron. Serum unsaturated iron binding
capacity was measured by photometry. The principle
involved was that in alkaline buffer solution, ferrous
ion reacts with transferrin to form transferrin iron com-
plex and free excess ferrous ions. The color intensity
is directly proportional to the concentration of unbound
excess ferrous ions and indirectly proportional to the
binding force of unsaturated iron. For the detection of
serum ferritin, particle enhanced immunoturbidimetric
assay was used, in which the concentration of aggluti-
nate precipitate formed by interaction of serum ferritin
and latex particles coated with anti-ferritin antibody was
measured at 570/800 nm by turbidimetry. Serum transfer-
rin was also measured by the same method.

2.6 Pharmacokinetic Analysis

PK analysis was performed on the absolute Fe,, value
and baseline-corrected Fe,, value. The absolute value
of Fe, was the Fe,, value measured after administra-
tion of FPC, while the baseline-corrected Fe,, value was
the absolute Fe,, value measured after administration
minus the baseline value of Fe,,,. The non-compartmental
method was used to calculate the PK parameters. The PK
parameters evaluated were C .., T .., AUC, AUC_,,
AUC,, Az, ty,7, CLy, Vz and AUCqg,,,- The definitions
of the PK indexes are provided in Online Resource 1. PK
parameters were evaluated in the PK dataset consisting
of all patients who received the study drug and in whom
data on at least one blood concentration were available
during the trial.
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2.7 Safety Analysis

Safety was assessed in terms of reported and observed AEs
and serious AEs (SAEs), while safety monitoring indicators
included physical examination, vital signs (blood pressure,
pulse rate and body temperature), 12-lead electrocardiogram
(ECG), chest X-ray, abdominal ultrasound, and laboratory
examinations (blood, urine, stool routine examination and
blood biochemistry). AEs were coded according to Medi-
cal Dictionary for Regulatory Activities (MedDRA) 22.0,
and safety was monitored in the safety dataset consisting
of all patients who received the study drug and had safety
monitoring data.

2.8 Statistical Analysis

According to the ‘technical guidelines for clinical phar-
macokinetics of chemical drugs’, the sample size of a
single-dose PK study should be 8-12 subjects. Consider-
ing the dropout rate, the sample size planned for our study
was about 16 cases. Continuous variables were presented
as mean + standard deviation (SD) and median (quartile,
minimum and maximum). The count and grade data were
described by frequency and percentage. Individual and aver-
age concentration-time curves and semi-logarithmic concen-
tration-time curves were constructed. For subjects whose
concentration before administration was more than 5% of
the C,,,,. descriptive statistical analysis was not performed
for each parameter. The PK parameters were evaluated using
the linear mixed-effects model in which the PK parameters
were log-transformed. In the case of CKD-5HD patients, the
administration mode, sequence and period were fixed effects
and the individual patients were random effects. Paired Wil-
coxon rank-sum test and analysis of variance (ANOVA) was
used to compare the PK parameters between HD dose 1 and
HD dose 2 in CKD-5HD patients. The limits for the geo-
metric mean ratios (GMRSs) considered was 85-125%. PK
parameters were calculated using Phoenix WinNonlin 8.1
(Pharsight Certara, Princeton, NJ, USA), while others were
analyzed using SAS 9.4 software.

3 Results
3.1 Participants and Baseline Demographics

A total of 133 healthy Chinese subjects and 23 Chinese
patients with CKD-5HD were screened for assessing the PK
and safety of FPC, among whom 14 healthy subjects and 12
patients with CKD-5HD were included in our study. The
mean age of healthy subjects and patients with CKD-5HD
was 30.8 + 5.92 and 54.3 + 16.47 years, respectively, and
the mean BMI was 23.93 + 2.18 kg/m® and 23.47 + 4.18
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kg/m?, respectively, in healthy subjects and patients with
CKD-5HD. The demographic and baseline characteristics of
the healthy subjects and patients with CKD-5HD are sum-
marized in Table 2.

3.2 Pharmacokinetics

In the 14 healthy subjects, the baseline mean serum iron
concentration did not fluctuate as a whole but reached the
peak level at about 5 h, after which the concentration started
to decrease, reaching the lowest value at 12 h and recover-
ing at 18 h (a small diurnal variation was observed in the

baseline mean serum iron concentration) (Fig. 1). After a
single intravenous infusion of FPC, the average Fe, con-
centration reached the peak at the end of the infusion, and,
until 12 h after administration, the average Fe,, concentra-
tion at each time point was higher than the baseline aver-
age serum iron concentration. After baseline correction, the
mean serum iron concentration also reached the maximum
at the end of the infusion and trended towards zero at 18 h
after administration. The key PK parameters after intrave-
nous infusion of FPC post baseline correction in healthy
subjects are summarized in Table 3. The mean C,, was
33.46 + 4.83 pmol/L at a mean T, ,, of 4.09 + 0.19 h and

max

mean AUC, of 201.98 + 46.73 h*umol/L. No significant

Table 2 Demographic and baseline data of all included participants in both studies

Parameter Healthy volunteers Patients with CKD-5HD
[n = 14] Sequence 1 [n = 6] Sequence 2 [n = 6] Total [n = 12]

Sex

Male 13 (92.9) 3(50.0) 6 (100.0) 9 (75.0)

Female 1(7.1) 3(50.0) 0 (0) 3(25.0)
Age, years [mean + SD] 30.8 +5.92 62.2 +10.59 46.5 + 18.37 54.3 +16.47
Height, cm [mean + SD] 168.69 + 5.63 167.8 + 8.38 176.3 +£5.13 172.1 £ 7.97
Body weight, kg [mean + SD] 68.12 + 6.94 74.85 £ 12.71 63.38 + 3.46 69.12 + 10.71
BMI, kg/m? [mean + SD] 2393 +£2.18 26.48 + 3.45 20.45 +2.17 23.47 +4.18
Nationality

Han national 13 (92.9) 5(83.3) 6 (100.0) 11 91.7)

Other 1(7.1) 1(16.7) 0 (0) 1(8.3)
History of drug allergy

Yes 0 (0) 0 (0) 0 (0)

None 6 (100.0) 6 (100.0) 12 (100.0)
Received RBC or whole blood transfusion anytime

Yes 1(16.7) 0(0) 1(8.3)

No 5(83.3) 6 (100.0) 11 91.7)
Received iron supplements anytime (including iron

containing vitamins) intravenously or orally

Yes 0 () 6 (100.0) 6 (100.0) 12 (100.0)

No 14 (100.0) 0(0) 0 (0) 0 (0)
Used long-term venous indwelling catheter

Yes 0 (0) 0@ 0(0)

No 6 (100.0) 6 (100.0) 12 (100.0)
Drinking

Yes 13 (92.9) 0(0) 2(33.3) 2 (16.7)

No 1(7.1) 6 (100.0) 4 (66.7) 10 (83.3)
History of drug abuse

Yes 0 (0) 0 00

No 6 (100.0) 6 (100.0) 12 (100.0)
Past medical history

Yes 6 (100.0) 6 (100.0) 12 (100.0)

No 0 (0) 0 (0) 0 (0)

Data are expressed as n (%) unless otherwise specified

BM1I body mass index, CKD-5HD hemodialysis-dependent stage 5 chronic kidney disease, RBC red blood cell, SD standard deviation
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Fig. 1 Serum iron concentra-
tion-time curves in healthy
subjects. A Mean Fe,
concentration-time plot; B mean
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Table 3 Pharmacokinetic parameters of FPC in both healthy subjects and patients with CKD-5SHD

Parameter Healthy volunteers [n = 14] Patients with CKD-5HD [n = 12]
Absolute Baseline-corrected ~ Absolute Baseline-corrected

FPC via pre- FPC via dialysate  FPC via pre- FPC via dialysate

dialyzer blood dialyzer blood

circuit circuit
Cax (Hmol/L) 50.96 + 6.40 33.46 +4.83 39.56 + 6.59 38.86 +7.49 25.37 £4.30 24.59 +£4.77
Trax () 4.01 +£0.02 4.09 +£0.19 3.09 +£0.32 3.96 +0.26 3.09 +£0.32 3.96 +0.26
AUC, (h*pmol/L) 47234 +£77.16  201.98 +46.73 288.08 £95.13 286.11 +£97.85 125.24 £ 51.27 122.39 £ 57.90
AUC,,4 (h*pumol/L) 138.79 £ 19.08 72.03 £ 11.95 86.38 + 17.45 112.79 + 23.39 43.81 +7.87 55.72 £ 10.99
AUC,, (h*pmol/L) 580.41 + 87.71*  210.69 + 51.25° 266.28 + 84.17°  270.54 + 74319 120.68 + 44.5° 116.86 + 45.56°
tyy (h) 6.09 + 0.60* 1.93 +0.70° 3.44 + 0.36° 3.56 £ 0.67¢ 1.28 +0.64° 1.19 + 0.45°
A, (W71 0.11 +0.01* 0.41 +£0.17° 0.20 + 0.02° 0.20 + 0.03¢ 0.74 + 0.47° 0.68 + 0.29°
V, (mg/[pmol/L]) 0.10 £ 0.02% 0.09 + 0.02° 0.13 £ 0.04¢ 0.55+0.17¢ 0.09 + 0.02° 0.41 +£0.08°
CL, (mg/[h*umol/L]) 0.01 +£0.00* 0.03 +0.01° 0.03 £0.01° 0.11 = 0.04¢ 0.06 + 0.03¢ 0.27 £0.10°
AUC _gpyirap (%) 16.93 +2.2¢ 3.81 +3.54° 14.34 +2.72°¢ 13.67 + 2.82¢ 3.55 + 1.81° 5.25 +3.63°

CKD-5HD hemodialysis-dependent stage 5 chronic kidney disease, FPC ferric pyrophosphate citrate

“The AUC gy Of the absolute Fe, values of patients P004, PO06, POO7
AUC g pyqp Were not subjected to descriptive statistical analysis

°The AUC ggyap
subjected to descriptive statistical analysis

“The AUC gy Of the absolute Fe,, values of patients PO03, P05, POO
circuit was > 20%, hence their AUC, t,,,, CL, V, A, and AUC
“The AUC g, 1ap
AUC,,, ty,7, CL, V4, 17, and AUC
“The AUC gy Of the absolute Fe,, values of patient PO07 after admini

Extrap

Extrap WeTe N0t subjected to descriptive

, P013, and PO14 was > 20%, hence their AUC_, t,,,, CL,, V,, 1, and

of the Fe, baseline correction value of patient PO10 was > 20%, hence the AUC,, 1,7, CL7, V7 4; and AUC gy, Were not

6, POO7, POO8 and PO09 after administration via a pre-dialyzer blood

were not subjected to descriptive statistical analysis
of the absolute Fe, values of patients P004, PO05, PO0O6 and POO7 after administration via dialysate was > 20%, hence their

statistical analysis

stration via a pre-dialyzer blood circuit and via dialysate was > 20%,

hence the AUC,,, 1,7, CL, V7, 1, and AUC gy, Were not subjected to descriptive statistical analysis

abnormality was observed in the indexes of Fe,, TSAT,
TIBC, unsaturated iron binding capacity, and ferritin during
the screening period and on the fifth day post administration
of intravenous FPC. On the fourth day after FPC adminis-
tration, the TSAT levels peaked at 4 h and then decreased.
TSAT maximum was < 100%, within the acceptable safety
range. No obvious change in ferritin levels and TIBC were
observed on days 3 and 4. Unsaturated iron binding capacity
was observed to decrease until 4 h on day 4 and then reached
baseline levels by 18 h (Fig. 2).

In patients with CKD-5HD, during the screening period,
there was no obvious abnormality in the indexes of Fe,,
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TSAT, TIBC, unsaturated iron binding capacity, and fer-
ritin. Similarly, no significant abnormality was observed
in all the indexes, even on the first and third days of the
study. Post administration of HD dose 1 or HD dose 2,
TSAT levels peaked until the end of infusion and then
declined, while an opposite trend was observed in unsat-
urated iron binding capacity (Fig. 3). After baseline cor-
rection and post HD dose 2, the peak serum concentration
(Cpax) Was 25.37 + 4.30 pmol/L at a T, of 3.09 + 0.32 h
and AUC, of 125.24 + 51.27 h*pmol/L. Furthermore, the
maximum serum concentration of post HD dose 1 (C,

max

24.59 + 4.77 pmol/L) reached 3.96 + 0.26 h, with AUC,
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of 122.39 + 57.90 h*pmol/L. The key PK parameters after
HD dose 1 and HD dose 2 are summarized in Table 3 and
the statistical comparisons of the primary PK parameters
in patients with CKD-5HD are summarized in Electronic
Supplementary Table 1.

The Fe,,, concentration-time curves were observed to be
similar for both administration methods (HD dose 1 and 2)
(Fig. 4); however, comparison of the PK parameters of the
two different administration methods revealed significant

Time (h)

differences in T, (p = 0.001; baseline correction) and AUC
;. (p =0.031 for cycle variance; without baseline correction)
by the paired Wilcoxon rank-sum test and ANOVA, respec-
tively. The GMR (HD dose 1/HD dose 2) of C,,, and AUC,
was 97.75% (95% confidence interval [CI] 93.36-102.35%)
and 98.86% (95% CI 91.05-107.34%), respectively (non-
baseline corrected), and 96.56% (95% CI 88.86—104.92%)
and 96.07% (95% CI 80.44-114.73%), respectively (baseline

corrected). The degree of assurance for GMRs of C,,, and
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AUC, was > 99.99% and 99.54%, respectively (non-baseline
corrected), and 98.44% and 34.19%, respectively (baseline

corrected).

3.3 Safety

Among healthy subjects, two (14.29%) subjects reported
three AEs of mild severity, which were cured. In patients

with CKD-5HD, two (16.7%) patients reported two AEs,
of which one (8.3%) patient reported an SAE of acute myo-
cardial infarction, which may not be related to the study
drug, and the outcome was stable (Table 4). In the healthy
subjects and patients with CKD-5HD, no SAEs or AEs lead-
ing to withdrawal from the trial occurred and there was no
incidence of death during the study period. No clinically
relevant abnormalities were observed in physical examina-
tion, ECG, and laboratory test results in both studies.

Table 4 Incidence of adverse events in both healthy subjects and patients with CKD-5HD

Event Study 1: healthy

Study 2: patients with CKD-5HD

volunteers [n = 14]

Sequence 1 [n = 6]

Sequence 2 [n = 6]

Total [n = 12]

Adverse events 3214 1(16.7)
Mild 3(21.4) 0 (0)
Moderate 0(0) 0(0)
Severe 0(0) 1(16.7)

Adverse events leading to treatment discontinuation 0(0) 0 (0)

Musculoskeletal and connective tissue diseases [mild] 1(7.1) 0 (0)

Pain at the injection site [mild] 1(7.1) 0 (0)

Gastrointestinal diseases [mild] 1(7.1) 0(0)

Upper respiratory tract infection [mild] 0 (0) 0(0)

Acute myocardial infarction [severe] 0 (0) 1(16.7)

1(16.7)
1(16.7)
0(0)
0 (0)
0 (0)
0(0)
0 (0)
0 (0)
1(16.7)
0 (0)

2(16.7)
1(8.3)
0(0)
1(8.3)
0 (0)
0(0)

0 (0)

0 (0)
1(8.3)
1(8.3)

Data are expressed as n (%)

CKD-5HD hemodialysis-dependent stage 5 chronic kidney disease
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4 Discussion

Treatment of anemia and maintaining Hgb levels is highly
important in patients receiving HD. The available treat-
ments of oral and intravenous iron have their own limita-
tions. While oral iron may lead to iron overload and other
AEs related to the gastrointestinal tract, intravenous iron,
mostly available as iron carbohydrate complex, is associ-
ated with an elevated risk of anaphylactic reaction, which
also requires metabolism in the reticuloendothelial system
to release free iron. Furthermore, its absorption is limited
by elevated hepcidin levels [16, 17]. These limitations can
be addressed by using FPC, a soluble source of iron that
is usually administered through the dialysate during HD.
Its unique mechanism of action helps bypass the hepcidin
barrier and presents iron directly to erythropoiesis. Fur-
thermore, its highly soluble nature may make it easy to
formulate for intravenous administration [18]. FPC admin-
istered via dialysate helps to maintain the hemoglobin lev-
els without increasing iron stores, and exhibits a tolerable
safety profile in patients with CKD-5HD [14, 15]. Since
assessment of the PK of FPC in a particular population
precedes its use clinically, the current study evaluated the
PK and safety of FPC in healthy Chinese subjects and
Chinese patients with CKD-5HD.

Among healthy adults, administration of 6.5 mg of
intravenous FPC was well tolerated. Since healthy popu-
lations were included, the subjects were on a strict diet
to avoid iron intake. The peak plasma concentration was
reached by the end of the infusion, i.e. about 4 h, and
the terminal half-life (7,,;) was 1.93 h, with a terminal
rate constant (4,) of 0.41 h~!. The results obtained in the
study were in accordance with the study by Pratt et al.,
which reported a peak plasma concentration at 4.8 h, T\,
of 1.3 h, and terminal rate constant of 0.7 h™! after intra-
venous administration of 7.5 mg FPC in healthy subjects
[10]. In the present study, other PK parameters such as
Ca AUC,, AUC, 4, AUC, and CL, were found to be in
par with reported studies [10, 19]. Previous studies also
reported that FPC was safe and well tolerated in healthy
populations from other geographic areas [10, 19]. The
common AEs observed were gastrointestinal disorders
and pain at the injection site, in accordance with a previ-
ous trial [19].

In patients with CKD-5HD, FPC was administered
through a pre-dialysate blood circuit or via dialysate. The
results showed that the peak serum iron concentration was
attained at the end of intravenous administration or dialysis
and returned to baseline levels 12 h after administration.
The results of the present study were consistent with a pre-
vious study, where mean serum concentrations reached the
maximum at 3—4 h for intravenous administration before

dialysis and 2—4 h for dialysate administration, and the
concentrations returned to baseline levels at approximately
10 h for both routes of administration [20].

All PK parameters, with the exception of T, ,, and AUC
,» were similar in both routes of administration of FPC, sug-
gesting that both routes could be explored for clinical appli-
cation. T,,, and AUC, differed significantly between the
two administration methods, indicating that the cycle factor
could be a variable factor that needs to be accounted for
in clinical application. The GMRs of C,,, and AUC, were
within the set limits of 85-125%, indicating no significant
difference between the two administration methods. Further-
more, no significant changes were observed in TSAT, TIBC,
unsaturated iron binding capacity, and ferritin between the
two administration methods. The changes in these param-
eters from baseline to end of the study were similar to the
results presented in previous studies [9, 14, 15]. AEs were
reported in two (16.7%) of the patients, and only one patient
from the pre-dialyzer group had an SAE which was not
related to the study drug. No deaths were reported, indicat-
ing the safety and tolerability of FPC in CKD-5HD patients
when administered through the dialysate or pre-dialyzer [14,
15].

To the best of our knowledge, this is the first study to
evaluate the PK parameters of FPC in the Chinese popu-
lation. The study further evaluated the PK parameters in
both healthy and diseased subjects using a comprehensive
set of PK evaluation methods, and also compared two dif-
ferent administration methods in patients with CKD-5HD.
However, the study was not without limitations. First, con-
comitant medications and comorbid conditions may affect
the metabolism of the drug and follow-up observation is
required. However, in the current study, due to the stringent
inclusion and exclusion criteria, individuals received FPC
either intravenously or via dialysate, therefore evaluation of
the effect of concomitant medications and other diseased
states were excluded. Verification of this in future studies
is therefore warranted. Second, only the short-term safety
assessment of FPC was performed, hence validation of
safety in future studies with long term-follow up is required.

5 Conclusion

The results of the present study suggest that the PK profile
of FPC after administration through the dialysate or pre-
dialyzer in Chinese patients with CKD-5HD are similar and
is well tolerated. The findings from this study may help in
guiding the best administration method of FPC in Chinese
adult CKD-5HD patients.
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