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Summary.

Therapy with fresh frozen plasma (FFP) confers serious risks, such as contraction of bloodborne
viruses, allergic reaction, volume overload and development of alloantibodies. The aim of this
study was to apply principles of pharmacokinetic (PK) modelling to individual factor content of
FFP to optimize individualized dosing, while minimizing potential risks of therapy. We used PK
modelling to successfully target individual factor replacement in an 8-month-old patient receiving
FFP for treatment of a severe congenital factor V (FV) deficiency. The model fit for the FV
activity vs. time data was excellent (r= 0.98) and the model accurately predicted FV activity
during the intraoperative and postoperative period. Accurate PK modelling of individual factor
activity in FFP has the potential to provide better targeted therapy, enabling clinicians to more
precisely dose patients requiring coagulation products, while avoiding wasteful and expensive
product overtreatment, minimizing potentially life-threatening complications due to
undertreatment and limiting harmful product-associated risks.
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Introduction

Inherited deficiencies in proteins involved in the coagulation cascade lead to lifelong
bleeding disorders, the severity of which is usually inversely proportional to the factor level
[1]. The prevention of life-threatening bleeding episodes depends on administration or
replacement of the deficient factor or protein, as individual factor concentrate (such as factor
VIl and IX for Haemophilia A and B respectively), fresh frozen plasma (FFP) or
cryoprecipitate [2].

Over the last decade, the introduction of recombinant concentrates of factor V111 and factor
IX, has significantly improved treatment options for haemophilia A and B; however,
guidelines for treatment and factor replacement for bleeding episodes associated with rare
inherited coagulation disorders (i.e. deficiencies in coagulation factors other than FVIII and
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Methods

F1X), are not well established [1,2]. Furthermore, specific replacement products, or single-
factor concentrates, are currently not licensed or commercially unavailable in the US for
many of the rare coagulation disorders. Accordingly, FFP remains the mainstay of treatment
for most rare inherited coagulation disorders [3-5].

Rare inherited coagulation disorders (RICDs), are a collection of recessively inherited
abnormalities in haemostasis that account for up to 15% of all inherited bleeding disorders
[2], and include deficiencies in fibrinogen, prothrombin and factors V, VII, V + VIII, X, XI
and X111 [1,2,6]. The prevalence of RICDs in the general population varies between 1 in 500
000 to 1 in 2 000 000 [1-3]. In contrast with the more prevalent bleeding disorders, such as
classic haemophilia A and B, little progress has been made in the treatment of RICDs, partly
due to the lack of pharmacokinetic (PK) studies [3,7]. Although some PK data are available
for concentrates of FVIII and FIX [8-11], to our knowledge, the PKs of other coagulation
factors contained in FFP have not been thoroughly investigated. Use of targeted PK dosing
would enable clinicians to more precisely dose patients requiring coagulation products,
while avoiding wasteful and expensive overtreatment, minimizing potentially life-
threatening undertreatment and limiting harmful product-associated risks.

Congenital FV deficiency is an example of a rare inherited coagulation disorder. Since factor
V plays a key role in haemostasis, yet factor V concentrates are not available, treatment of
FV deficiency relies on factor repletion with FFP [12]. Unfortunately, FFP therapy confers
serious risks and complications, including allergic reaction, development of alloantibodies,
volume overload and contraction of bloodborne viruses [3,12]. Accurate PK modelling of
individual factor activity in FFP has the potential to provide better targeted therapy and to
significantly reduce these risks.

Pharmacokinetic modelling was used to target individual factor replacement in an 8-month-
old male who was receiving FFP for treatment of a severe congenital FV deficiency [FV
activity <1% (1U dL.™1)], and who had had two intracranial haemorrhages, including one
while on recombinant factor Vlla prophylactic dosing. The PK was done as part of patient
care; therefore, consent for the levels was not obtained. Consent was subsequently obtained
to report the findings.

The patient was listed to undergo orthotopic liver transplantation to correct deficient hepatic
production of FV, and FFP was being used both for prophylaxis to prevent recurrent
haemorrhage, and to control bleeding during transplant. After a single 15 mg kg~ dose of
FFP, given over 25 min by a constant rate intravenous infusion, plasma factor V activity was
assessed at 0.25, 0.5, 1, 2, 4, 6, 12, 18, 24, 36 and 48 h after the conclusion of the FFP
infusion. Factor V activity was measured using both the Factor VV Activity assay (Siemens
BCS coagulation analyzer, Siemens Thromboplastin C reagent; available from the Blood
Center of Wisconsin, Milwaukee, WI, USA; www.bcw.edu) and the Factor V Assay (Stago
STA-R Evolution XP coagulation analyzer, Stago Deficient V plasma reagent; available
from the Children’s Mercy Hospital, Kansas City, MO, USA; www.childrensmercy.org/lab).
The limits of quantitation were 1 to 1000 1U dL and 7% to 98% activity level respectively.
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Samples were run in duplicate in two different laboratories to ensure accuracy. Factor V
activity vs. time data from a single laboratory (the Blood Center of Wisconsin) was used for
PK modelling, as this assay provided more accurate information at the lower limits of factor
activity.

The information obtained from the PK study, completed prior to transplant, was used to
determine FFP dosing during the transplant. Plasma factor V activity vs. time data were
curve fit using a one compartment open model with reciprocal (1 y=2) weighting, using
algorithms nested in a validated PK analysis software package (WinNonlin 5.2.1, Pharsight
Corp., Mountain View, CA, USA). Polyexponential parameter estimates required for
simulation of dosing regimens were selected based on established goodness-of-fit criteria
(e.g. sum of squared residuals, Akaike Information Criteria). Simulation, likewise, utilized a
one compartment open model to explore dosing regimens that would achieve FV target
activity levels of >20% (1U dL™1).

In performing FV PK modelling, a number of assumptions were made. These included
linearity in the dose —response relationship over a dynamic range of FV activity values [i.e.
1-30% (U dL~1)] and that polyexponential parameter estimates derived from the
experimental data are first order. As well, we assumed that the FV activity profile observed
on the patient visit used to determine PKs is reflective of what would be anticipated for
subsequent factor V administrations.

Results of the PK modelling for FV activity in FFP (Table 1) revealed a peak plasma
concentration (Cmax) of 16% (1U dL~1), a plasma clearance (CL) of 0.05 ml kg~ h=1 and
an apparent half-life (t2) of 13.5 h for off-set in FV activity, a value consistent with ranges
previously reported in the literature [2,4,13].

The information obtained from the PK study completed prior to transplant was used to
determine FFP doing during the transplant. The observed values for FV (Table 2) are during
the transplant, such that some values may be influenced by the activity of the liver allograft,
even before hour 20. These data also suggested that administration of a 20 mL kg~ bolus
dose immediately prior to surgery, followed by a continuous infusion of 1.5 mL h™1 kg1
over a 48-h perioperative period, would be required to achieve target factor V activity levels
(Table 2). The fit of the FV activity vs. time data was excellent (r=0.98; Fig. 1). It is
important to note that the activity-time profile contains several early time points where the
observed activity of FV was higher than the predicted (i.e. activity of 17% (IU dL™1) at 0.5 h
and 16% (IU dL™1) at 1 h) and that later time points may slightly underestimate the actual
observed values. This was considered to be acceptable, as a major concern was bleeding due
to inadequate FV activity. As denoted previously [14], mean FV level in FFP is 80% (1U dL
1), with a minimum of 70% (IU dL~1). Given the variability of content in coagulation
factors between units of FFP, and the fact that we did not measure FV concentrations in the
units administered to our patient, we cannot adequately comment on the percent of recovery
of FV in this instance.
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Finally, as illustrated by the data contained in Table 2, our model predicted FV activity
levels within desired target ranges (e.g. 15% to >20% (IU dL~1) with considerable accuracy.

Discussion

Use of PK modelling to achieve individual coagulation factor activity levels

Exposure—response studies of coagulation products differ from traditional PK studies of
drugs in that bioassays of coagulation activity (as opposed to plasma concentrations) are
used as the biomarker to assess the effect [8,15]. In this report, we have shown that factor V
activity can be modelled using traditional PK approaches, similar to those used by Shapiro ef
al. [8] to model activity for factors VIII and IX. According to the literature, a range of FV
activity levels in the plasma required for effective replacement is 20-25% (IU dL™1), with a
threshold of 15% (IU dL~1) [4,6]. Given the risk of bleeding associated with undertreatment,
the safety profile for factor V, and the variability in factor V content in given batches of FFP,
we chose to model replacement doses of FFP that overestimated factor V activity early on in
the course of therapy.

Bolus dose administration and plasma collection times

Pharmacokinetic analysis is optimally performed when a single standardized bolus dose of
coagulation product is administered over a specific period of time [8]. For desired factor V
activity of >15% (1U dL™1), it is recommended that a bolus dose of 15-20 mL kg1 of FFP
be administered [6]. This dose produces a dynamic range of factor V activity levels over
time, so as to permit repeated assessment needed to characterize the PKs of effect.

Ideally, for assessing the kinetics of all coagulation products, sampling should be performed
at frequent intervals, and extended over a period of at least 2—2.5 times the half-life (t¥2) of
the factor under study [8]. Half-life values for FV, reported in the literature, range from 12 to
36 h [4,12,13]. Given the interpatient variability of the t2 of other coagulation factors (FVIII
and VIX), it is recommended that the t% of the factor in question be determined in the
individual clinical scenario [8]. As such, we chose to sample over a 48-h postinfusion
period, to assess the kinetics of factor V activity.

Calculation of PK values from raw data

A minimalist approach to assessing the PKs of a coagulation factor might be to use an
approach ranging from semi-quantitative description (e.g. activity levels exceeded 15% (IU
dL1) for a certain number of hours postdose) to a graphical or simple estimation of the
apparent half-life associated with offset of activity. In contrast, a more informative and
accurate approach resides with the application of a curve-fitting algorithm, which,
traditionally, has been used to support PK data analysis. These modelling approaches enable
estimation of all polyexponential parameters (i.e. those described with onset and offset of
activity) from the plasma activity vs. time profile necessary to completely characterize the
disposition profile of the factor of interest and also, to simulate dosing regimens associated
with the attainment of desired “target’ activity levels with therapeutic factor administration.
It is important to note that in the modelling of treatment of bleeding disorders, activity
underestimation early in the treatment course can be readily remedied with additional factor
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replacement, avoiding severe bleeding complications. If supplemental bolus doses are used,
the resultant activity vs. time profile must be taken into account when initial data are curve
fit, so as to insure that polyexponential parameter estimates used for subsequent dose
projection are appropriately corrected.

Model limitations

In contrast with classical plasma concentration vs. time data, where various distribution
volumes can be identified and clearance rates estimated, interpretation of the factor activity
vs. time data is limited within the constructs of our model. The most important parameter
estimated is that associated with time-dependent reduction in factor activity. Initially, the
observed ‘decay’ profile may represent an initial rate of decline in activity for protein that is
in excess of that required to saturate the binding sites on the vascular endothelium and in
other tissue compartments. The subsequent decline in activity of protein likely represents
dissociation from these binding sites, re-equilibration with the central compartment and
subsequent catabolism of the protein.

The World Health Organization, the World Federation of Haemophilia and the International
Society of Thrombosis and Haemostasis all agree that treatment with coagulation products
needs to be optimized and that the application of PK principles to this process is
fundamental to its success [8]. It has been suggested that for optimal clinical outcome,
dosing decisions should be made on an individual patient basis, taking into account the
clinical situation, the severity of the factor deficiency and the location and extent of the
haemorrhage [8]. Keeping in mind that previously conducted individual PK studies in
patients receiving factors V11l and IX have shown significant interpatient variability in the
PKs of coagulation products with differences in /n vivo recovery [16-22], apparent terminal
half-life [11,16-22] and clearance [10,11,23], individualized approaches to dosing, driven by
PK estimates obtained within a given patient, are superior to those which might use
‘population-derived” mean data. The need for individual PK studies is further emphasized by
recent evidence that age and weight may play a significant role in the PKs of coagulation
factor preparations, including recombinant factor V111 [11].

Conclusion

Currently, considerable variability exists in treatment practices of RICDs [2,3,6]. Due to
paucity of evidence-based guidelines, many important questions, such as optimal dosing and
duration of factor replacement therapy, particularly during bleeding episodes or at times of
surgical procedures, remain unanswered [1,3,14]. We demonstrate that successful PK-based
dosing of FV in FFP is both possible and clinically relevant in the treatment of RICDs.
Furthermore, we believe that similar PK-based strategies can be applied to the dosing of
other individual coagulation factors contained in FFP, whose activity in plasma can be
reliably measured. Such individual PK studies may prove to be of particular benefit in other
diseases requiring FFP treatment, especially at the onset of therapy, in cases of inadequate
treatment response, in circumstances of alloantibody development, in situations of
prophylactic dosing, and in special clinical populations, such as children and obese patients.
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Targeted PK-based dosing also has the potential to decrease the risks that accompany
frequent or repeat FFP administration, minimizing exposure to bloodborne pathogens,

all
co

ergic reactions, volume overload and development of alloantibodies to individual factor
ntent of FFP [3,12]. In turn, optimization of FFP treatment may reduce the cost of

replacement therapy in RICDs, as efficient use of FFP would be less expensive, and more
readily available, than treatment with individual factor concentrates [3,5].
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Fig. 1.
Activity time profile for FV after FFP bolus of 15 mL kg1, where time is in hours and FV

activity is in % (1U dL™1). R=0.98.
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Table 1.

Pharmacokinetic values obtained for FV activity following a single bolus dose of 15 mg kg™t of FFP.

Parameter Value + SE

AUC (IU dLY) 310 +226
t (h) 135+1.18
Cmax (1U dLY) 16 +0.78
CL(mLkglh'l) 0.5 0.003
AUMC (IUdL™Y) 6039 +926
MRT (h) 195+1.7
Vss (mL kgL 0.9+0.05

AUC, area under the curve; Cmax, maximum plasma concentration; CL, clearance; AUMC, area under the first moment curve; MRT, mean
residence time; Vss, volume of distribution at steady state.
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Table 2.

Predicted and observed FV activity over 48 h, after administration of a loading dose of 20 mL kg~1, followed
by continuous infusion of 1.5 mL kg™ h~1. Target goal FV activity to prevent bleeding complications was set
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at >20% (IU dL~1). Normal FV activity ranges from 50 to 150% (1U dL™1).

Time (h)  Predicted FV Activity (IU dL"2 0r%) Observed FV Activity (IU dL™! or%)
0 22 17

3 23 32

12 27 28 (at hour 13)

15 27 21 (at hour 16.5)

18 28 20

20 28 53%

36 30 108 ™ (at hour 33)

48 31 1277 (at hour 42)

*
Indicates transplanted orthotopic liver function.
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