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ABSTRACT

Background: Ferric Pyrophosphate Citrate (FPC) for intravenous administration is approved to maintain
hemoglobin in patients receiving Chronic Hemodialysis (HD). The aim of this study is to investigate the co-
administration of intravenous (IV) FPC with Unfractionated Heparin (UFH) as an admixture via the HD-machine
syringe pump.

Methods: Open-label, randomized, 3-period crossover study. Three (3) treatments in randomized sequence:
Treatment A: FPC 6.75 mg IV via the post dialyzer blood line and continuous infusion of UFH pre-dialyzer via the
HD-machine infusion pump; Treatment B: FPC 6.75 mg IV mixed with UFH via the pre dialyzer heparin line;
Treatment C; IV UFH wia the on machine syringe pump x 3 h. anti-Xa activity, activated prothrombin time (aPTT),
Thrombin time (TT) and serum iron parameters were measured. Pharmacokinetics and dynamics were determined
using non-compartmental methods and comparisons of Cmax and AUC were calculated using a standard bio-
equivalence approach.

Results: Mean anti-Xa, aPTT, and TT concentrations were comparable across all timepoints at baseline, and
throughout the study. The concentration-time profiles for iron and TSAT were the same between the FPC/UFH
admixture and FPC/UFH administered by separate routes. Results on the visual clotting scale were similar across all
treatments. FPC and UFH were well tolerated with no reported adverse events.

Conclusion: No clinically relevant drug-drug interaction between FPC and UFH on the anticoagulation effects of
UFH (as assessed by anti-Xa activity, aPTT, and TT) or on the ability of FPC to deliver iron when these agents are co-
administered as a single admixture. No new safety concerns were identified.
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FPC at 2 pM iron (110 pg Fe/L) final concentration in
hemodialysate provides 6.75 mg iron per dialysis and is the

INTRODUCTION

Ferric pyrophosphate citrate injection (Triferic AVNU, FPC), an
iron-replacement product, is an iron complex in which iron (III)
is bound to pyrophosphate and citrate [1]. Unlike traditional
intravenous (IV) iron, FPC does not require processing by
macrophages; it donates iron directly to transferrin for optimal
utilization in erythropoiesis, avoiding sequestration within
reticuloendothelial system macrophages [2].

approved dialysate concentration in the United States. In
addition to administration in the dialysate, FPC at a dose of 6.75
mg can be administered as a slow continuous IV infusion over 3
to 4 hours via the pre dialyzer infusion line, the post-dialyzer
infusion line, or a separate connection to the venous blood line
during hemodialysis.
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Hemodialysis requires some form of anticoagulation to prevent
clotting in the dialyzer circuit. Unfractionated Heparin (UFH)
has been the long-time standard to provide anticoagulation [3].
Unfractionated heparin is typically administered as a bolus dose
of 25 to 50 IU/kg at the initiation of hemodialysis and then by a
continuous infusion of 600 to 3000 IU per hour wvia the on-
machine syringe (UFH) pump [4].

Alternately, UFH or Low Molecular Weight Heparin (LMWH)
can be administered as a pre dialysis single IV bolus, which can
be followed by an additional bolus if needed. This mode of
administration does not require use of the on-machine syringe
pump. Anticoagulation within the dialysis circuit is monitored
by visual observation of the dialyzer and drip chambers.

The dose of UFH is individually determined and may be
variable depending on underlying comorbidities [5-7]. This study
was conducted to investigate the ability of an admixture of FPC
plus UFH to maintain adequate anticoagulation of the dialyzer
circuit when mixed with FCP, and to assess the impact of co-

administration of UFH on iron delivery of FPC in patients with
Hemodialysis Dependent Chronic Kidney Disease (HDD-CKD).

METHODS

The study objectives were to investigate if there is a drug-drug
interaction between FPC and UFH to anti-coagulate the dialyzer
blood circuit for plasma by measuring anti-factor Xa (anti-Xa)
activity and to assess the overall safety profile of the FPC plus
UFH admixture.

The study was a prospective, single-center, open-label, 3 period,
crossover trial investigating three treatments: Treatment A,
Administration of IV FPC and UFH separately in the post
dialyzer and pre-dialyzer blood line; Treatment B, the co-
administration of IV of FPC and UFH in the same syringe pre-
dialyzer and Treatment C, administration of IV UFH pre-
dialyzer alone.

The study was listed on ClinicalTrials.Gov as NCT0404224.
The protocol and informed consent was reviewed by an external
IRB (IntegReview, Austin Tx). Twelve subjects with HDD-CKD
received each of three treatments in a randomized sequence, at 3
successive hemodialysis sessions (Days 1, 3 and 5).

A follow-up visit was performed (either in person or by
telephone) within 1 week after the last hemodialysis session to
assess for any adverse events that occurred or any concomitant
medications that were administered after the last hemodialysis
treatment. The study design is presented in Figure 1.

Randomize Trealments |

Analysis sFe Analysis anti-Xa

12 Stable HD Patients Subject Randomization

3 Periods v " v ABC
A B c BCA

CBA

Follow Up CAB
BAC

ACB

Triferic IV Pre-D  [Triferic IV Pre-D Heparin IV
HeparinlV  + Heparin IV]

Screening
v v ]
HD Day: 1 3 5
sFe Profile: X X X
Coag: anti-Xa, aPTT, TT X X X
Blood Draws:
Iron Profile: 0,1,2,3,4,4.5,5,6.7,8 hr.
Coag: 0,0.08,0.5,1,234 455678 .

Heparin IV: 25 Ulkg IV push then 600-3000 IU/hr X3 hour
Triferic IV: 6.75 mg Triferic IV X 3 hour
Triferic IV + Heparin IV: 6.75 mg Triferic + 600-3000 IU/hr heparin X3 hr

Figure 1: The study was a 3 period, randomized open-label
crossover in 12 stable chronic hemodialysis patients. UFH:
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Unfractionated Heparin; FPC: Ferric Pyrophosphate Citrate; [V:
Intravenous; Pre-D: Pre-dialyzer blood line; Post-D: Post-dialyzer
bloodline.

The opendabel, randomized,
appropriate study design for an assessment of potential drug-
drug interactions between FPC and UFH because the primary
objective (pharmacokinetics/pharmacodynamics) would not be
affected by the investigator’s or subject’s knowledge of the
treatment.

crossover design was an

Randomization was used to avoid bias in the assignment of
subjects to a treatment sequence and to increase the likelihood
that known and unknown subject attributes (e.g., demographics,
other baseline characteristics) would be evenly balanced across
treatment sequences.

The 1 day interval between hemodialysis sessions was sufficient
to prevent carryover effects of UFH and FPC given their short
halflives.

The dose of FPC was fixed at 6.75 mg (Treatment A and
Treatment B). The 6.75 mg dose also represents the approved
dose of FPC when administered as a slow continuous IV
infusion over 3 to 4 hour [8]. No adjustments in the FPC dose
were allowed.

The dose of UFH (25-50 1U/kg IV push, then 600 3000 1U/
hour) was fixed at the dose that each subject usually received to
maintain circuit anticoagulation (Treatments A, B, and C). No
patient required an adjustment in the UFH dose. The
administration of each treatment is summarized in Table 1.

Study treatment  Administration instructions

Treatment A FPC for IV administration was drawn up into a
(reference) syringe by connecting the syringe tip to the
ampule luer connector and withdrawing the
contents of the ampule. The syringe containing
FPC was mounted on an infusion pump and
programmed to deliver the 4.5 mL contents over
3 hours into the post-dialyzer blood line. The
UFH was infused via the HDmachine syringe
pump into the predialyzer blood line during the
first 3 hours of hemodialysis.

FPC post-dialyzer
UFH pre-dialyzer

The UFH for continuous infusion was drawn up
in a syringe. The needle was discarded, and the
syringe tip was connected to the LDPE luerlock
FPC ampule. The entire contents (4.5 mL) were
withdrawn. The syringe was inverted to mix the
FPC and UFH and the volume noted. The
syringe containing FPC + UFH was placed on
the HD-machine syringe pump, which was
programmed to deliver the entire volume over
3 hours into the predialyzer blood line.

Treatment B (test)

FPC + UFH pre
dialyzer

Treatment C The UFH dose that was to be administered by
(reference) continuous infusion was drawn up in a syringe
UFH pre-dialyzer 'and infused w‘g the HD—macbine syringe pump

into the predialyzer blood line over the first
3 hours of hemodialysis.

Table 1: Study administration parameters.
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Blood samples for coagulation studies (anti-Xa, aPTT, and TT)
were obtained before the start of infusion (O hour) and at 5
minutes (0.08 hours), 30 minutes (0.5 hours), and 1, 2, 3, 4, 5,
6, 7, and 8 hours after the start of infusion during each
treatment period. Blood samples for a safety iron (sFe) profile,
which included sFe, Total Iron-binding Capacity (TIBC), TSAT,
ferritin, and transferrin, were obtained before the start of
infusion (0 hour) and at 1, 2, 3, 4, 5, 6, 7, and 8 hours after the
start of infusion during each treatment period. Blood samples
were obtained from the arterial blood line port during
hemodialysis and from a peripheral vein or via an indwelling
needle after completion of hemodialysis. Samples were sent to
the laboratory for analysis within 24 hours after collection.

Bioanalytical methods

Values for anti-Xa, aPTT, and TT were determined by the
clinical laboratory using standard clinical assays. Values for sFe,
TIBC, TSAT, ferritin, and transferrin were determined by the
clinical laboratory using established methods. Pharmacokinetic
and pharmacodynamic parameters for the coagulation and
serum iron parameters were derived for each study treatment
from the concentration time profiles, using noncompartmental
methods in Phoenix WinNonlin®, version 8.1 (Certara USA,
Inc, Princeton, New Jersey).All adverse events (nonserious and
serious) that were observed by the investigators, reported in
response to open-ended questioning, or spontaneously reported
by the subjects from the time of screening (serious adverse
events) or the first administration of the study treatment
(nonserious adverse events) through the follow-up visit were
recorded in the source documents, regardless of whether the
events were considered related to the study drug or not.

Clotting in the dialyzer was evaluated at 1 hour intervals during
each hemodialysis treatment using a Visual Clotting Scale
(VCS). Clotting was classified according to the following scale:
Grade 1 = no detectable clotting, Grade 2=minimal clot
formation (fibrinous ring), Grade 3 = clot formation (up to 5
cm) but dialysis still possible, and Grade 4=complete occlusion
of air traps or dialyzer rendering dialysis impossible. The
determination of concentrations of total sFe, TIBC, TSAT, and
with  the
recommendations for measurement of iron analytics in the US
FDA draft guidance for industry on bioequivalence [9]. The
coagulation panel (anti-Xa, aPTT, and TT) represents tests that
are routinely used to assess anticoagulation status in patients
who receive UFH. Comparisons of Cmax and AUC to establish
US FDA

transferrin  in  human plasma is consistent

equivalence were performed according to

Bioequivalence recommendations [10].

RESULTS

The study population included 9 men (75.0%) and 3 women
(25.0%) of mean age 57.0 years (range: 33-68 years). Eleven of
the 12 subjects were black/African American (85.2%); none was
of Hispanic or Latino ethnicity. Etiology of HDD-CKD was
hypertension in all 12 subjects, with 4 subjects also having a
diagnosis of type 2 diabetes. Seven of the 12 subjects had
previously received treatment with IV iron. The demographics
of the study participants are presented in Table 2.

] Bioequiv Availab, Vol.13 Iss.S4 No:1000004

OPEN 8 ACCESS Freely available online

Characteristic All subjects (N=12)
Sex, n (%)

Male/Female 9(75.0)/3 (25.0)
Age, years

Mean (SD) 57.0 (9.8)

Median (Minimum, Maximum) 61.0 (33, 68)

Race, n (%)

Black/African American/Other 11 (91.7)/1 (8.3)

Weight, kg

Mean (SD) 87.7 (15.5)

88.9 (62.5, 113.5)

Median (Minimum, Maximum)

Etiology of CKD, n (%)

12 (100.0)

Hypertension

Type 2 diabetes 4(33.3)

C-reactive protein at screening, mg/L (reference range: <0.9 mg/L)

Mean (SD) 12.7 (15.3)

Ferritin at screening, ng/mL (reference males,

22-322 ng/mL; females, 10-291 ng/mL)

ranges:

Mean (SD) 911.8 (359.2)

951.3 (335, 1506)

Median (Minimum, Maximum)

Abbreviations: CKD: Chronic Kidney Disease

Table 2: Demographic and diseaserelated characteristics at
baseline.

Mean anti-Xa, aPTT, and TT concentrations were comparable
across the 3 study treatments at baseline, throughout the 3-hour
IV infusion, and during the subsequent post-infusion period
(Figure 2).

A B. c.

i 1V Infusion : IV Infusion 1 1V Infusion
B ] [ "N 3
] i\{—+—4—~—4 "%ﬂ\{} y
hou * ‘ nour * ° & & ! nour ¢ :

e~ UFH Pre-D/ FPC IV Post-D =~ FPC +UFH IV Pre-D —& UFH IV Pre-D

Figure 2: A) Anti-Xa activity versus time; B) aPTT versus time;
C) Thrombin time versus time. UFH: unfractionated heparin;
FPC: ferric pyrophosphate citrate; IV: Intravenous; Pre-D: Pre-
dialyzer blood line; Post-D: post-dialyzer bloodline.

Mean anti-Xa, aPTT, and TT values were maximal after the
UFH loading dose, with values for all 3 parameters peaking at
0.08 hours (5 minutes, the first sampling time) after the bolus
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and start of the UFH infusion for all 3 study treatments. Mean
values decreased to baseline levels by 4 hours (aPTT and TT) to
5 hours (anti-Xa) after the start of the UFH infusion Mean sFe
and TSAT concentrations were comparable amongst the 3 study
treatments the start of dialysis. Mean concentrations for iron
parameter remained unchanged during infusion of the UFH
alone (Treatment C). Mean sFe and TSAT concentrations
showed the expected increases in sFe and TSAT during IV
infusion of the FPC/UFH regimens (Treatments A and B), with
nearly superimposable curves (Figure 3).Peak sFe and TSAT
values were reached at the end of the 3-hour IV infusion for
both Treatment A (reference) and Treatment B (test), and
concentrations remained above baseline values at the end of the
8 hour sampling period for both treatments with the expected
return to baseline values by 8 hours post dialysis. Mean
concentrations of TIBC, ferritin, and transferrin were constant
across all treatments (Figure S-1) indicating no need to correct
for volume changes.

sFe pgldL (SD)

e~ UFH Pre-D/ FPC IV Post-D -#- FPC +UFH IV Pre-D —& UFH IV Pre-D

Figure 3: A) Serum iron concentration versus time; B)
Transferrin Saturation versus time; UFH: unfractionated
heparin; FPC: Ferric Pyrophosphate Citrate; IV: Intravenous;
Pre-D: Pre-dialyzer blood line; Post-D: Post-dialyzer bloodline.

Exposure of sFe was comparable between the FPC/UFH
regimens during hemodialysis (AUC0-4) and during the 8-hour
sampling window (AUCO t), regardless of whether FPC and
UFH were co-administered by separate routes (Treatment A) or
as a single admixture via the pre dialyzer line (Treatment B)

(Table 3).

Parameter Statistic Treatment Treatment B Treatment C

A (Test) (Reference)
(Reference)
(N=12) (N=12) (N=12)
Cmax  Geometric 180 (20.9) 174 (31.5) 93.9 (55.0)
(ug/dL) mean (CV%)
AUCOt Geometric 1040 (31.1) 1050 (43.3) 604 (42.5)
(hepg/ mean (CV%)
dL)
AUCO- Geometric 548 (25.6) 563 (34.4) 287 (4.9)
4 mean (CV%)
(hepg/
dL)

Table 3: Non compartmental pharmacokinetic parameters for
total serum iron.
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Geometric mean Cmax values for anti-Xa were comparable
(within 10% of each other) across the 3 study treatments (Table
4). Geometric mean AUCO04 and AUCO-t values were
comparable (within 5%) between the FPC/UFH treatments
(Treatments A and B), but values were approximately 10% lower
for UFH alone (Treatment C).

Analyte Parameter Treatment A Treatment B Treatment C

Geometric
Reference) (Test) (Reference)
mean
(CVOO) (N=12) (N=12) (N=12)
Anti-Xa Cmax 0.279 (62.7) 0.256 (78.5) 0.288 (59.0)
(sec)
AUCO-t  0.775 (58.3) 0.798 (61.6) 0.733 (62.4)
(hesec)
AUC04 0.581 (75.7) 0.600 (77.9) 0.538 (81.0)
(hesec)
aPTT Cmax 70.9 (46.70 70.5 (47.6) 74.3 (45.5)
(sec)
AUCO-t 317 (27.5) 328 (28.6) 320(29.1)
(hesec)
AUC04 188 (37.7) 196 38.5) 188 (39.8)
(hesec)
TT Cmax 46.6 (53.3) 48.6 (94.1) 71.3 (114)
(sec)
AUCO-t 160 (20.7) 160 (22.4) 167 (26.0)
(hesec)
AUCO04  97.6 (31.6) 98.0 (34.6) 104 (40.1)
(hesec)

Table 4: Noncompartmental pharmacodynamic coagulation
parameters (Anti-Xa, aPTT, and TT).

Geometric mean C,,,, AUC0-4, and AUCO-t values for aPTT
were comparable (within approximately 5%) across the 3
treatments.

Geometric mean C,,, values for TT were comparable between
the FPC/UFH treatments (Treatment A, 46.6 sec; Treatment B,
48.6 sec) and approximately 50% lower than for UFH alone
(Treatment C, 71.3 sec).

Geometric mean AUCO0-4 and AUCO t values were comparable
across the 3 study treatments.

Coadministration of the FPC/UFH admixture wvia the pre
dialyzer line (Treatment B) was equivalent to separate
administration as measured by Anti-Xa activity (Table 5).

The upper and lower bounds of the 90% CI of the geometric
mean ratio (Treatment B/Treatment C) for AUCO-t were within
the 80% to 125% range for equivalence; the lower bound of the
90% CI of the geometric mean ratio was within and the upper

bound of the 90% CI of the geometric ratio for AUCO 4 was
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slightly outside (128%) of the upper bound of the equivalence
range.

The lower bound of the 90% CI for the geometric mean ratio
for Cmax fell just outside the lower bound of the equivalence
range.

Parameter Treatment Geometric Ratio  of 90% CI for

LSM Geometric Ratio
LSM
AUC04 A 0.581 B/ 111 (0.972, 1.28)
(reference)a C
B (test)b 0.6 B/ 1.03 (0.900, 1.18)
A
C 0.538
(reference)c
AUCO-t A 0.775 B/ 1.09 (0.977, 1.21)
(reference)a C
B (test)b 0.798 B/ 1.03 (0.924, 1.15)
A
C 0.733
(reference)c
Cmax A 0.256 B/ 0.89 (0.758, 1.04)
(reference)a C
B (test)b 0.279 B/ 00918 (0.782, 1.08)
A
C 0.288
(reference)c

Table 5: Bioequivalence anti-factor Xa activity.

The route of administration of FPC/UFH had no effect on the
anticoagulation activity of UFH. The 90% Cls of the geometric
mean ratio (Treatment B/Treatment A) for AUC0-4 and AUCO-
t were within the 80% to 125% equivalence range (Table 5).

The lower bound of the 90% CI of the geometric mean ratio for
Cuax was slightly outside the lower bound of the equivalence
range.

Coadministration of FPC/UFH as a single admixture via the
pre dialyzer line (Treatment B) had no effect on the aPTT
activity of UFH (Table 6).

The upper and lower bounds of the 90% Cls of the geometric
mean ratios (Treatment B/Treatment C) for AUC04, AUCO-
t, and C,,. were within the equivalence range of 80% to 125%.

No effect of the route of coadministration of FPC/UFH (as a
single admixture or via separate routes) was observed on aPTT.
The upper and lower bounds of the 90% Cls of the geometric
mean ratios (Treatment B/Treatment A) for all 3.
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Parameter Treatment Geometric Treatment Ratioof 90% CI
LSM  Comparison Geometric for Ratio
LSM
AUC04 A 188 B/A 1.05 (0.985,
(reference)a 1.11)
B (test)b 196 B/C 1.04 (0.983,
1.11)
C 188
(reference)c
AUCOt A 317 B/A 1.03 (0.992,
(reference)a 1.08)
B (test)b 328 B/C 1.03 (0.983,
1.07)
C 320
(reference)c
Cmax A 70.9 B/A 1.04 (0.983,
(reference)a 1.11)
B (test)b 70.5 B/C 0.948 (0.863,
1.04)
C 4.3
(reference)c

Table 6: Bioequivalence activated partial thromboplastin time.

Co-administration of the FPC/UFH as a single admixture via
the pre dialyzer line (Treatment B) had no impact on TT. The
upper and lower bounds of the 90% ClIs of the geometric mean
ratios (Treatment B/Treatment C) for AUC04 and AUCO-t
were within the equivalence range of 80% to 125%. No effect of
the route of coadministration of FPC/UFH (as a single
admixture, Treatment B, or via separate routes, Treatment A)
was observed on TT (Table S-1). The VCS graded dialyzer circuit
clots on a Scale of 1 to 4, with Grade 1- no clots observed;
Grade 2- Fibrinous ring in air trap or blood stripes in <5% of
dialyzer fibers; Grade 2 Clots on venous air chamber filter or
blood stipes >5% of dialyzer fibers; and Grade 4- Clots in air
trap or clots in dialyzer fibers. Responses on the VCS were
consistent with laboratory findings of the anticoagulant effects
of the 3 study treatments. Response on the VCS reflected
responses of “no detectable clotting” (Grade 1), there were only
a few minimal clotting (Grade 2 responses during the hours 1
through 3 of continuous heparin infusion. One Grade 4
response was reported at the end of dialysis in Treatment A
(FPC+UFH) and one Grade 3 response reported at end of
dialysis in each of Treatments A and C (UFH alone) (Figure
S-2). The results are consistent with a continuous anticoagulant
effect regardless of the route of administration. None of the
subjects required an additional bolus dose of UFH during
administration of Treatment A or B (FPC-containing
treatments); 1 subject required an additional bolus dose of UFH
during Treatment C (UFH) although there was no evidence of
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clotting on the VCS. All treatments were well tolerated with no
adverse events reported.

Pharmacokinetic/pharmacodynamic conclusions

The results of the pharmacokinetic/pharmacodynamic analyses
demonstrate that coadministration of the FPC/UFH admixture
via the pre dialyzer line had no clinically relevant impact on the
anti-Xa activity, aPTT or TT. The route of administration of
FPC/UFH (as an admixture, Treatment B, or by separate routes,
Treatment A) had no effect on the coagulation parameters. The
FPC/UFH admixture (Treatment B) was associated with an
approximate 30% decrease in TT C,, values relative to UFH
alone (Treatment C). The coagulation effect as measured by
AUCq4 and AUC,, were within the equivalence range
consistent with the results from the anti-Xa and aPTT. The
Cumax values exhibited a higher variability than the other
measurements of coagulation parameters. Plasma total sFe
pharmacokinetic parameters were comparable between the
FPC/UFH (Treatment B) and FPC/UFH
administered by separate routes (Treatment A). No adverse

admixture

events were reported with any treatment. Responses on the VCS
were consistent with laboratory findings of an anticoagulant

effect of both FPC/UFH regimens.

DISCUSSION

This study was conducted to investigate the ability of a
FPC/UFH admixture to maintain adequate anticoagulation of
the dialyzer circuit and to assess the impact of administration of
the FPC/UFH admixture on the iron delivery of FPC in
patients with HDD-CKD. FPC is an iron complex in which iron
(III) is bound to pyrophosphate and citrate [1]. FPC does not
require processing by macrophages; it donates iron directly to
transferrin for optimal utilization in erythropoiesis, avoiding
sequestration within reticuloendothelial system macrophages [2].
FPC is currently approved in the United States for the
replacement of iron to maintain hemoglobin in adult patients
with HDD-CKD. FPC may be administered in the dialysate or as
a slow continuous IV infusion over 3 to 4 hours via the pre
dialyzer infusion line, via the post-dialyzer infusion line, or via a
separate blood line during
hemodialysis. Administration of iron to patients with HDD-
CKD typically involves slow administration of macromolecular

connection to the venous

iron-carbohydrate nanoparticles over 5 to 10 minutes to avoid

rate-related adverse reactions to iron. Iron sucrose or iron
dextran can be co-administered in combination with UFH wia
the on-machine infusion pump and pre dialyzer heparin line
[11,12]. In vitro drug-drug interaction studies have demonstrated
that FPC can be admixed with unfractionated heparin and
retain its pharmacodynamic effect for up to 24 hours (Figure S-3
and Tables S-2 and S-3). Conversely, UFH does not have any
impact on FPC when incubated for up to 24 hours (Table S-4).

Due to the rapid donation of iron from FPC to transferrin, no

free FPC or Non-Transferrin Bound Iron (NTBI) can be
detected in plasma, so the in vitro studies support the clinical
and laboratory observations in this study [13]. Coadministration
of the FPC/UFH admixture via the pre dialyzer line had
minimal impact on the anti Xa activity of UFH. The 90% Cls
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extended just above (AUC) or just below (C.) the equivalence
bounds, however the overall anticoagulant effect as measured by
AUCo4 and AUC,, were within equivalence bounds. The
FPC/UFH admixture (Treatment B) had no impact on aPTT
values relative to UFH alone (Treatment C) or FPC/UFH
administered by separate routes or on the AUC values for TT as
compared with FPC/UFH administered by separate routes
(Treatment A) or with UFH alone (Treatment C).Thrombin
time reflects the conversion of fibrinogen to fibrin but is also
sensitive to the presence of inhibitors that may be present in the
plasma (e.g., heparin). Thrombin cleaves fibrinogen, releasing
fibrinopeptide A and fibrinopeptide B. Although not well
understood, iron may bind to fibrinogen and accelerate
coagulation [14,15]. This may explain the observation that TT is
shorter when iron is co-administered during hemodialysis as
compared to Treatment C in which no iron was administered.
The observation that the differences in TT were only observed
on C,. may reflect a transient effect of FPC iron on TT.
There was no concurrent effect on aPTT, anti-Xa activity, or
visual clotting in the dialyzer circuit. Thrombin time is a clot-
based plasma assay and, historically, has been used by some
laboratories to monitor patients who receive UFH. The assay is
performed by adding a known concentration of thrombin to
plateletpoor plasma and measuring the time to clot formation.
Under the appropriate assay conditions, heparin produces a
dose-dependent prolongation of TT, which is semi logarithmic.
Thrombin Time is too heparin
anticoagulation due to lack of standardization for this purpose.
Therefore, the aPTT is used to monitor UFH anticoagulation
during hemodialysis if needed.

sensitive to monitor

The study confirms the results of a previous study which used a
population PK model for anti-Xa activity to confirm the
effective anti-coagulation dose of UFH [16]. This study differs in
that it shows the effect of UFH over the duration of dialysis
including the rapid decay in anti-coagulation effects once the
UFH infusion is terminated approximately 1 hour prior to the
end of dialysis. While there was high variability in individual
responses, all patients achieved an adequate anti-coagulation
effect as measured by Anti Xa and aPTT. Plasma total sFe
pharmacokinetic parameters were comparable between the
FPC/UFH (Treatment B) and FPC/UFH
administered by separate (Treatment A). The
concentration-time profiles for sFe and TSAT were equivalent
between the FPC/UFH admixture (Treatment B) and
FPC/UFH administered by separate routes (Treatment A). No
differences in transferrin, ferritin, or TIBC concentrations were
observed between the study treatments or over time. This study
confirmed the clinical observations from the FPC clinical trials
that FPC had no effects on access bleeding or wvascular
thrombosis during long term chronic administration [17,18].
Intravenous administration over 3 hours of FPC (6.75 mg)
+UFH as an admixture was well tolerated by HD patients. No
safety concerns were identified.

admixture
routes

CONCLUSION

The results of this study demonstrate no clinically relevant drug-
drug interaction between FPC and UFH on the anticoagulation
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effects of UFH (as assessed by anti-Xa activity, aPTT, and TT) or
on the ability of FPC to deliver iron (as assessed by sFe) when
these agents are co-administered as a single admixture. No safety
concerns were identified. The presentation of FPC for IV use
was designed for simple withdrawal of the drug from the luer
ampule and has been demonstrated to be stable for up to 24
hours under ambient conditions. Admixture of FPC with
heparin is easily accomplished by removing the needle used to
remove the heparin from the multi-dose vial and connecting the
syringe to the luer adapter on the FPC ampule. The resulting
volume is then programmed to be administered by the syringe
pump, ceasing approximately one hour prior to the end of the
dialysis procedure. The admixture of FPC with UFH is free of
drug-drug interactions and can provide safe and effective
anticoagulation along with the delivery of FPC iron.
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