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Summary

Prothrombin complex concentrates (PCCs) are widely adminis-
tered for emergency oral anticoagulation reversal and for co-
agulation defects in liver disease. Pharmacokinetic data may help
to optimize treatment. The objective of this study was to char-
acterize the pharmacokinetics of a PCC (Beriplex P/N) contain-
ing coagulation factors Il (FIl),VII (FVII), X (FIX) and X (FX) and
anticoagulant proteins C and S. Fifteen healthy volunteers re-
ceived a single rapid 50 1U/kg infusion of PCC and underwent
frequent blood sampling until 144 hours (h) after infusion. Co-
agulation factors and anticoagulant protein pharmacokinetic pa-
rameters were estimated by non-linear regression.The mean in-
fusion rate of PCC was 7.9 ml/min, equivalent to 196.4 [U/min.
By the earliest post-infusion sampling point at 5 minutes (min),
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plasma FIX concentration increased by a median of 73%. Medi-
an increases in Fll, FVIl and FX at 5 min were 122%, 62% and
158%, respectively. Proteins C and S also increased rapidly. The
median terminal half-life of FIX was 16.7 h,FIl 59.7 h,FVII 4.2 h
and FX 30.7 h. The median in-vivo recovery of FIX was [.57
%/IU/kg and that of the other three coagulation factors > 2
%/1U/kg. Plasma concentration of thrombogenicity marker
D-dimer did not increase, and there was no clinical evidence of
thrombosis. Through up to 12 weeks follow-up there were no
laboratory findings indicating PCC-related viral exposure.Rapid
PCC infusion produced prompt sustained increases in coagu-
lation factors and anticoagulant proteins with no clinical evi-
dence of thrombosis or viral transmission.
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Introduction

Plasma-derived prothrombin complex concentrates (PCCs) con-
tain the four vitamin K-dependent coagulation factors II (FII),
VII (FVID), IX (FIX), and X (FX) produced by the liver. In addi-
tion to these four factors, PCCs can also contain the vitamin
K-dependent anticoagulant proteins C and S, which are also pro-
duced by the liver. Originally developed in the late 1950s for the
replacement of FIX in haemophilia B patients, PCCs are pri-
marily used in clinical practice today for reversal of coumarin
anticoagulation and management of coagulation defects in pa-
tients with liver disease. Coumarin oral anticoagulants, the most
widely used of which are warfarin, phenprocoumon and aceno-
coumarol, act by inhibiting the synthesis of functional vitamin

K-dependent coagulation factor molecules (1). Because the fac-
tors are concentrated, PCCs in small volumes can rapidly reverse
coumarin effects (2-5) and are recommended for emergency
situations (6—11).

A challenge in reversing anticoagulation in these high-risk
patient populations is to prevent life-threatening bleeding or to
allow emergency surgery without heightening the risk of throm-
boembolic events (12, 13). The counterbalancing properties of
the coagulation factor and anticoagulant protein components of
PCCs are thought to help achieve this objective. Knowledge of
PCC pharmacokinetics (PK) could be of value in determining
dosing. Surprisingly, despite the long clinical experience with
PCCs, arigorous PK study of coagulation factors and anticoagu-
lant proteins following PCC administration has yet to be reported.

Correspondence to:

Sigurd Knaub, PhD

CSL Behring GmbH

Clinical Research & Development
Hemophilia/Critical Care

P.O. Box 1230

D-35002 Marburg, Germany

Tel:+49 6421 39 3224, Fax:+49 6421 39 3172
E-mail:Sigurd.Knaub@cslbehring.com

Financial support:
This investigation was supported through a grant from CSL Behring GmbH, Marburg,
Germany.

Received May 22, 2007
Accepted after revision July 8, 2007

Prepublished online September 10, 2007
doi:10.1160/TH07-05-0367

Downloaded from www.thrombosis-onlinJ:&Qn 2012-05-26 | IP: 38.107.179.234
For personal or educational use only. No other uses without permission. All rights reserved.



Ostermann et al. PCC pharmacokinetics

The PK of FIX have thus far been better delineated than those
of the other coagulation factors, probably in major part due to the
role of PCCs in the treatment of haemophilia B and their subse-
quent use as a standard of comparison in the development of
highly purified FIX concentrates (14—18). Although the intravas-
cular persistence of FVII is known to be shorter than that of FIX,
FII (prothrombin) and FX, very few PK data are currently at
hand pertaining to FII, FVII, FX and the anticoagulant proteins
contained in PCC preparations. PK profiles are increasingly
being used to individualize coagulation factor treatment in hae-
mophilia A and B (19) and explore variability in patient re-
sponse. For PCC therapy it has not been feasible to capitalize
fully on PK due to insufficient data.

Reliable analysis of PK depends upon sampling frequency
and length. Sampling over a sufficiently long time period is es-
pecially important when the proteins of interest exhibit long half-
lives and slow clearance, as in the case of FII and FX (16). The
present study was designed to provide the first detailed PK char-
acterization of all major PCC components through frequent sam-
pling up to 144 hours (h).

Materials and methods

This prospective PK study was conducted from June to Septem-
ber 2005 at the Clinical Pharmacology Research Unit Germany
of Parexel International GmbH, Berlin, Germany. Study partici-
pants rendered their informed written consent. The study proto-
col was approved by the ethics committees of the Arztekammer
Berlin and the Berlin Landesamt fiir Gesundheit und Soziales.

Volunteer selection

Healthy male and female volunteers 18—65 years of age with
18-29 kg/m? body mass index were eligible for inclusion. Exclu-
sion criteria consisted of: treatment with any investigational
medication within 30 days before study entry; blood donation
within the preceding three months; known hypersensitivity to
human plasma proteins; inhibitors to FII, FVIIL, FIX or FX; expo-
sure to PCC concentrates or other blood-derived products over
the preceding four weeks; a history of deep vein thrombosis, pul-
monary embolism or heparin-induced thrombocytopenia type I1;
protein C deficiency; smoking; detectable hepatitis B surface
antigen (HBsAg) or antibodies directed against hepatitis C virus
(HCV) or human immunodeficiency virus 1 (HIV-1) or 2
(HIV-2); and urinary alcohol or history of alcohol or drug abuse
within the preceding two years. In addition, female candidates
were excluded on the basis of contraceptive use, pregnancy and
current or planned breast feeding.

The screening process included complete physical examin-
ation, measurement of vital signs, blood and urine sampling and,
in females, a pregnancy test. With the collected blood samples
haematological and biochemical tests, drug determinations, and
HBsAg, anti-HCV and anti-HIV-1 and -2 assays were perform-
ed. The measured drugs were: alcohol, barbiturates, opiates, am-
phetamines, cocaine, cannabis and benzodiazepines. Urinalysis
was also carried out.

Table I: Composition of Beriplex P/NT.

Constituent Concentration (IU/ml)
Mean (SD),n=3

Factor Il 31.0(34)

Factor VI 16.2 (1.9)

Factor IX 289 (22)

Factor X 40.5 (3.3)

Protein C 348(1.8)

Protein S 25.4 (0.4)

Protein Z* 362 (3.5

Antithrombin IIF¥ 0.59 (0.02)

Heparin? 0.52 (0.07)

*Based on determinations in three consecutive batches. Data on file, CSL Behring. *Not investi-

gated in present study.

Infusion

Volunteers reported to the study center on the evening before in-
fusion and remained for 24 h after infusion, returning period-
ically thereafter for further planned evaluations, including blood
sampling. Concomitant medications were discouraged, and alco-
hol, stimulants and oral contraceptives prohibited during the
study. Medications considered necessary for the welfare of the
volunteer and unlikely to interfere with the activity of the test
PCC were allowed at the discretion of the investigator.

A single 50 IU/kg dose of PCC (Beriplex® P/N, CSL Behring
GmbH, Marburg, Germany) based on FIX content was infused
intravenously (IV) at a maximum rate of 210 IU/min under per-
fusor control. The major components of Beriplex P/N (Table 1)
are the coagulations factors (FII, FVII, FIX and FX) and anti-
coagulant proteins C and S that are depleted by coumarin ther-

apy.

Assessments

Single 5 ml citrated blood samples were drawn for assays of PCC
coagulation factors and anticoagulant proteins prior to infusion
and at intervals of 5, 10, 15 and 30 minutes (min) and 1, 2, 3, 4.5,
6,9,12,15, 18, 24, 32,48, 72, 96 and 144 h after the end of in-
fusion. Thrombogenicity was evaluated by measurements of pro-
thrombin fragment 1+2 (F,,,) and D-dimer before infusion and
at 15 min and 3 and 24 h afterward. Before infusion a battery of
viral assays was performed for: antibodies against hepatitis A
virus (HAV); anti-HCV; anti-HIV-1 and —2; antibodies to par-
vovirus B19 (B19V); and HBsAg. In addition, reverse transcrip-
tase polymerase chain reaction (RT-PCR) was used to measure
HAV, HCV, hepatitis B virus (HBV), HIV-1 and B19V. Measure-
ments of B19V by RT-PCR were repeated at 7-10 days after in-
fusion; anti-B19V and anti-HAV at 28-31 days; and anti-HCYV,
anti-HIV-1 and -2, anti-HAV and HBsAg at approximately 12
weeks. Adverse events occurring during the study through 7-10
days after infusion were recorded.
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Pharmacokinetics

Analysis of FII, FVII, FIX, FX, protein C and protein S PK was
conducted by non-linear regression modeling using WinNonLin
Professional 3.2 computer software (Pharsight Corp., Mountain
View, CA, USA) and incorporating endogenous baseline con-
centrations. Either a one- or two-compartment model was se-
lected based on goodness of fit to the empirical individual sub-
ject data. Estimated PK parameters were half-life (t,,), area
under the concentration-time curve (AUC), clearance, mean
residence time (MRT) and volume of distribution at steady state
(Vdy). In-vivo recovery (IVR) was calculated as the maximum
percent increase in plasma concentration within 3 h of infusion
divided by dose in IU/kg.
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Laboratory tests

All laboratory tests were performed at the following central lab-
oratories: the Gesellschaft fiir Labortechnologie in Wissenschaft
und Technik, Berlin, Germany; the Laboratory of the Prof. Gise-
la Enders Partnership, Stuttgart, Germany; Parexel International
GmbH, Berlin, Germany; and CSL Behring GmbH, Marburg,
Germany.

FII, FVII, FIX and FX were determined by one-stage assay
and protein C by chromogenic assay, all using the BCT® Analyzer
(Dade Behring, Marburg, Germany), and protein S (Kordia,
Leiden, the Netherlands) and thrombogenic marker F,,, by
enzyme immunoassay on the BEP® I1I Processor (Dade Behring).
D-dimer was measured by latex-enhanced immunoturbidometric
test on the BCT® Analyzer. The intra-assay coefficients of vari-
ation for FII, FVII, FIX, FX and proteins C and S were 2.0, 1.4,
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Table 2: PCC coagulation
factor pharmacokinetics. Parameter Median (IQR), n= 15
FIX Fil Fvii FX

Terminal half-life (h) 16.7 (14.2-67.7) 59.7 (45.5-65.9) 4.2 (3.9-6.6) 30.7 (23.7-41.4)
IVR (%/1U/kg) 1.57 (1.38-1.90) 2.11 (1.95-2.45) 243 (2.33-2.77) 2.08 (1.94-2.39)
AUC (IU/dIh) 1490 (1153-2376) 6577 (5870-7912) 424 (331-742) 6707 (5234-8577)
Clearance (ml/kg-h) 3.63 (2.27-4.68) 0.97 (0.81-1.09) 7.06 (4.04-9.05) 1.25 (0.98-1.60)
MRT (h) 21.6 (17.1-83.8) 81.7 (62.0-87.6) 6.1 (5.6-9.5) 443 (34.2-59.8)
Vd,, (ml/kg) 924 (76.2-182.2) 71.0 (61.2-78.9) 41.8 (39.3-52.5) 56.1 (52.9-60.1)
AUC, area under the concentration-time curve; IQR, interquartile range; IVR, in vivo recovery; MRT, mean residence time; Vd,,, volume of distribution at steady
state.
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0.3, 2.1, 2.4 and 4.0%, respectively. Corresponding inter-assay
coefficients of variation were 4.1, 1.3, 0.9, 4.7, 4.0 and 8.3%.

Chemiluminescent microparticle immunoassays (Abbott
ARCHITECT ¢i8200, Abbott Diagnostics, Wiesbaden, Ger-
many) were performed for anti-HCV, anti-HIV-1 and -2, anti-
HAV and HBsAg using the ARCHITECT anti-HCV, HIV Ag/Ab
Combo, HAVAb-G and HBsAg reagents (Abbott Diagnostics),
respectively. Measurement of anti-B19V IgG/IgM was by the
Parvovirus B19 IgG and IgM Enzyme Immunoassays (Biotrin,
Dublin, Ireland) using the BEP® III Processor. LightCycler® in-
strumentation and reagents (Roche Diagnostics GmbH, Mann-
heim, Germany) were used for RT-PCR determination of HAV
and B19V and COBAS AmpliPrep™ and COBAS TagMan
(Roche Diagnostics) for HCV, HBV and HIV-1.

Statistical analysis
Descriptive statistics consisted of the mean, median, standard devi-
ation (SD) and interquartile range (IQR). Median differences and

their exact 95% confidence intervals (CI) were determined by
Hodges-Lehmann estimation using StatXact 6.3 (Cytel Software
Corp., Cambridge, MA, USA) statistical software. Absence of zero
from the Climplies a statistically significant difference (p <0.05).

Results

Fifteen volunteers, seven female (47%) and eight male (53%),
were enrolled in the study. All were Caucasian. Their mean (SD)
age was 41 years (13 years), body mass index 24.3 kg/m? (1.9
kg/m?) and body weight 74.5 kg (9.6 kg). All received the single
PCC infusion and finished the planned study follow-up. PCC
was infused at a mean rate of 7.9 ml/min (SD, 0.5 ml/min, n =
15), equivalent to 196.4 IU/min (SD, 12.2 IU/min, n = 15), over
a mean period of 18.9 min (SD, 1.9 min, n = 15). Measurements
were not recorded for the 15 min sampling point in one volunteer.
Otherwise the data sets for plasma PCC coagulation factor and
anticoagulant protein concentrations were complete.
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Table 3: PCC anticoagulant protein pharmacokinetics.

Parameter Median (IQR), n =I5
Protein C Protein S
Terminal half-life (h) 47.2 (28.4-65.1) 49.1 (39.0-59.7)
IVR (%/1Ulkg) 2.76 (2.59-3.07) 2.02 (1.7-2.17)
AUC (IU7dIh) 5276 (2847-7092) 3667 (2854-4098)
Clearance (ml/kg-h) 1.10 (0.82-2.04) I.11(0.99-1.42)
MRT (h) 57.0 (31.3-85.3) 69.2 (53.3-85.0)
Vd, (mllkg) 62.9 (50.1-65) 76.6 (69.8-85.8)

AUC, area under the concentration-time curve; IQR, interquartile range; IVR, in vivo recovery;
MRT, mean residence time; Vd,, volume of distribution at steady state.
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Figure 3: Median plasma concentrations of a) F,; and b)
D-dimer in healthy volunteers receiving a single PCC infusion.
Error bars show IQR. At |5 min n = 14; at all other time points n = |5.

PCC coagulation factors

The single 50 IU/kg PCC IV infusion produced a rapid and sus-
tained rise in plasma concentrations of FIX, FII, FVII and FX
(Fig. 1). Maximal levels were attained by the earliest post-infu-
sion sampling point at 5 min. The median increase in plasma FIX
concentration at 5 min compared with the pre-infusion level was
73% (CI, 66-80 %). Corresponding median increases were
122% (CI, 114-128 %) for FII, 62% (CI, 56—70 %) for FVII and
158% (CI, 149-167 %) for FX.

The results of PK analysis for PCC coagulation factors are
presented in Table 2. Ofthe four PCC coagulation factors, FII ex-
hibited the longest median terminal t,, (59.7 h) and FVII the
shortest (4.2 h). The median terminal t,, of FIX was 16.7 h. The
mean (42.4 h) was larger than the median predominantly because
of FIX terminal t,, estimates > 100 h in three volunteers. With

exclusion of these three outlying values the mean was 23.7 h.
Such differences between the median and mean were not evident
for FII, FVII and FX.

The terminal t,, of FIX in women was longer by a median of
7.1 h (CI, -8.3 to 92.3 h) versus men and of FII by 15.0 h (CI,
—5.9 to 44.4 h), although these differences of 43% and 25%, re-
spectively, were not statistically significant. Corresponding
median gender-related differences in terminal t,, of FVII (0.6 h;
CIL, -2.1 to 2.7 h) and FX (-1.5 h; CI, —-13.8 to 8.9 h) were
relatively minor.

Model-independent measures of intravascular persistence
were consistent with the terminal t;,, data. Thus, clearance was
the most rapid and MRT the shortest for FVII, but conversely the
slowest and longest, respectively, for FII (Table 2). For FIX,
median clearance was 3.63 ml/kg h and median MRT 21.6 h.
Outlying FIX clearance and MRT estimates were also obtained
in the three volunteers with FIX terminal t; , > 100 h. With exclu-
sion of these outliers mean FIX clearance was 4.17 ml/kg h and
mean FIX MRT 25.8 h.

The median IVR of FIX was 1.57 %/IU/kg, while that of FII,
FVII and FX exceeded 2%/IU/kg, as shown in Table 2. Vd, a
model-independent measure of distribution, was greater for FIX
(median, 92.4 ml/kg) than the other three PCC coagulation factors.

PCC anticoagulant proteins
The temporal patterns of post-infusion change in PCC anti-
coagulant proteins were generally similar to those of the PCC co-
agulation factors (Fig. 2). A rapid rise in both plasma proteins C
and S to maximal concentrations was observed by 5 min. The
median increases from baseline to 5 min were 149% (CI,
140-160%) in protein C and 59% (CI, 54—66%) in protein S. The
smaller increase in protein S is likely at least partly attributable to
the lower concentration of this anticoagulant protein in Beriplex
P/N as compared with that of protein C (Table 1).

PK analysis of changes in protein C and protein S concen-
tration is presented in Table 3. The IVR of both these PCC anti-
coagulant proteins was greater than 2 %/IU/kg.

Thrombogenicity markers

By the first post-infusion measurement time at 15 min a transient
elevation in plasma F;, level was observed, which subsided by 3 h
(Fig. 3). F,., concentration had returned to the baseline level by 24 h.
In contrast, no post-infusion changes were evident in plasma D-dimer
concentration (Fig. 3). In none of the volunteers was any clinical evi-
dence of thrombosis observed, and mean platelet count 24 h after in-
fusion (247 x 10%/1; SD, 41 x 10%/1, n = 14) was unchanged compared
with baseline (246 x 10%/1; SD, 44 x 10%/1, n = 15).

Viral markers

Prior to PCC infusion, results of anti-HAV assays were positive
in six volunteers and of anti-B19V assays in ten. All baseline as-
says of anti-HIV-1, anti-HIV-2, HBsAg and anti-HCV were
negative as were all RT-PCR measurements of B19V. During
periodic post-infusion viral assessments through the 12-week
follow-up period, no positive result was obtained in any volun-
teer with a corresponding negative baseline result.

Downloaded from www.thrombosis-onling% 2012-05-26 | IP: 38.107.179.234
For personal or educational use only. No other uses without permission. All rights reserved.



Ostermann et al. PCC pharmacokinetics

Adverse events
At seven days after infusion one female volunteer developed a
mild common cold, which was judged to be unrelated to PCC ex-
posure. No other adverse events of any kind were encountered
during the study.

Discussion

More precise understanding of PCC PK may aid in treatment
decisions and allow a better appraisal of the balance between
their haemostatic efficacy and thrombogenic potential. In rou-
tine clinical practice, pretreatment international normalised ratio
(INR) values but not individual coagulation factor concen-
trations are likely to be available for patients under oral anti-
coagulation or with liver disease requiring PCC treatment. Suc-
cessful emergency reversal of oral anticoagulation has been
demonstrated by selection of initial PCC dose based on pretreat-
ment INR (3). The value of comprehensive PK data for individ-
ual PCC components may lie mainly in helping devise an appro-
priate treatment regimen for patients who need multiple PCC in-
fusions. Knowledge of't,, values for PCC components might, for
instance, aid in timing successive doses to maintain desired lev-
els of individual coagulation factors and anticoagulant proteins.

This investigation has provided the first detailed PK analysis
following a rapidly administered single bolus dose PCC infusion
in healthy volunteers. All major coagulation factor and anti-
coagulant protein PCC components increased promptly after in-
fusion. PK analysis revealed substantial differences among the
components with respect to the time course of post-infusion de-
cline in coagulation factors and anticoagulant proteins. As ex-
pected, FVII displayed the shortest median terminal t;, (4.2 h)
and FII the longest (59.7 h). Intermediate values were estimated
for FIX (16.7 h) and FX (30.7 h). The median terminal t,, of pro-
tein C (47.2 h) was similar to that of protein S (49.1 h).

Inadequate total blood sampling time can decrease the accu-
racy of estimated PK parameters, especially when concen-
trations decline over a prolonged period of time (16). Specifi-
cally, insufficient duration of blood sampling may result in
underestimation of t;, and overestimation of clearance (20). In
this study of normal volunteers, sampling was extended to 144 h,
much longer than the 48 or 72 h typical in previous investigations
that were primarily focused on the PK of FIX in hemophilia B
patients. This relatively long sampling period was intended to
avoid underestimation of PK parameters, particularly for those
PCC components with lengthy plasma persistence.

Prior research on coagulation factor PK has focused pre-
dominantly on FIX and factor VIII because of their importance
as replacement therapy in haemophilia B and A, respectively. For
accurate PK analysis of FIX a sampling period of at least 56 h has
been recommended (16). There have been no previous reports on
the terminal t,;, of the FIX component in Beriplex P/N. There
have, however, been observations on the FIX component of other
PCCs used in haemophilia patients (14, 15, 17, 18,21, 22). Sam-
pling ended at 72 h in one of those studies (15) and at 48 h or ear-
lier in all the others (14, 17, 18, 21, 22). The mean terminal t,, of
FIX in PCCs ranged from 17.3 to 23.8 h (14, 15, 17, 18, 21, 22).
The corresponding reported range of means for purified plasma-
derived FIX was 18-34 h (20). In a PK study using radiolabeled

FIX in patients with haemophilia B, mean terminal t,, was found
tobe 23 h (23). In the present study involving sampling up to 144
h, the mean after exclusion of three outliers (23.7 h) was com-
parable in magnitude to these previous findings with other PCCs
or FIX. Similar outliers would not have been observed in the
prior studies of PCC PK because of their far shorter sampling
periods. In an empirical study, individual patient t;,, estimates
more than doubled with increasing sampling time over the range
from 24 to 104 h (16).

With exclusion of outliers, a mean of 25.8 h was calculated
for FIX MRT, the model-independent PK counterpart of ter-
minal t;,. The mean FIX MRT values reported in other PK ana-
lyses of PCCs have ranged from 17.3t028.4h (14,15,17,18, 21,
22). Mean FIX clearance after outlier exclusion (4.17 ml/kg-h)
and mean Vdg (114.1 ml/kg) were in line with previously re-
ported estimates for these two PK parameters after PCC admin-
istration of 4.8—-6.0 ml/kg h and 99.9-190.4 ml/kg, respectively
(14,15,17, 18,21, 22). The PK of the FII, FVII and FX compo-
nents in PCCs have not been evaluated in prior studies.

Protein C, a zymogen, and its cofactor protein S are vitamin
K-dependent proteins that decrease during coumarin therapy and
in patients with liver disease. In the present study, the median ter-
minal t, , of protein C was 47.2 h. That comparatively long value
suggests lasting availability of this anticoagulant protein after
PCC infusion that may maintain balance versus the coagulation
factors and help minimize thrombotic risk. On the other hand,
most prior evidence has indicated a substantially shorter ter-
minal t,, for protein C. In a study of eight normal volunteers re-
ceiving a highly purified preparation of protein C, the estimated
terminal t;,, was 10.9 h (24); however, blood was sampled only
for 24 h. In another study restricted to 24 h, terminal t,,, was 7.9
h for the protein C component of a PCC in patients under phen-
procoumon anticoagulation (25). In additional studies involving
congenital protein C deficiency the range of protein C terminal
t,/, values was 810 h (26-30). The mean terminal t;, of protein
C in patients beginning warfarin treatment for acute deep vein
thrombosis was estimated as 13.9 h (31). In contrast, the esti-
mated terminal t,, of protein C was 32 h in healthy volunteers re-
ceiving warfarin (32). In light of these disparate findings, further
studies are needed to establish more firmly the PK of protein C.
In the present study, the mean terminal t,/, of protein S was 50.4
h, an estimate comparable with the 42.5 h value obtained in a
study of patients on warfarin therapy (31).

A major concern regarding PCCs is their thrombogenic po-
tential (33). In addition to the four procoagulant factors, Beriplex
P/N contains substantial concentrations of the antithrombotic
proteins C and S (Table 1). In clinical studies and pharmacovigi-
lance, thrombotic complications during the use of Beriplex P/N
to reverse oral anticoagulation and manage critical illness and se-
vere liver disease have been rare (2, 3, 34-37). A prothrombotic
state has been defined as a procoagulant shift in the balance be-
tween pro- and anticoagulant enzyme activity in the coagulation
pathway, but without clinical signs of thrombosis or laboratory
evidence of fibrin deposition (38). F,,, and D-dimer serve as sur-
rogate markers of a prothrombotic state (39). A number of clini-
cal studies have demonstrated elevations in surrogate markers of
thrombogenicity following infusion of clinical PCC doses in pa-
tients with haemophilia B, while such increases have not been
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observed after administration of purified FIX concentrate (14,
15, 40-44).

In the present study, a transient elevation in plasma F ., level
was observed without change in D-dimer. The elevation was
likely the result of infused exogenous F,, rather than an endo-
genous prothrombotic state. The administered PCC contains
measurable F,,, at a mean concentration of 1.00 uM (SD,
0.21 uM, n =8). It is known that some thrombin generation oc-
curs during the manufacturing process; however, thrombin activ-
ity in the final product is undetectable. The expected median
peak increase in circulating F,, level due to infused exogenous
Fi;, was 49.7 nM, as calculated from the known mean F,,, con-
centration in the PCC, the volume of administration, and the es-
timated plasma volume derived from measured individual sub-
ject weight, height and haematocrit using separate empirical re-
gression coefficients for normal adult men and women (45). The
observed median increase at the 15 min time point was 28.9 nM.
Hence, the entirety of the observed elevation can potentially be
explained by the F,,, content of the PCC. Consistent with this in-
terpretation was the rapid F,,, concentration decline after 15
min, as would be predicted after infusion of a molecule with an
estimated circulating half-life of approximately 90 min (40).
Other studies have also shown an increase in F,, after adminis-
tration of PCCs (34, 35, 43, 44, 46). It is noteworthy that the
healthy volunteers in the present study were exposed to supra-
normal coagulation factor levels but nevertheless displayed no
clinical evidence of thrombosis.

Another concern with plasma-derived preparations such as
PCCs is possible viral transmission. Beriplex P/N is prepared
from plasma screened by polymerase chain reaction and sub-

jected to the dual viral elimination procedures of pasteurization
and nanofiltration (47-49). There was no evidence of viral expo-
sure in this study. These present thrombogenicity and viral expo-
sure results add further support to the excellent long-term safety
record of Beriplex P/N extending from the introduction of this
PCC in 1996.

This study in healthy volunteers has laid a foundation for fu-
ture PK studies of PCCs in patients requiring oral anticoagulation
reversal or management of critical illness or severe liver disease.
The present findings add to previous empirical data indicating the
importance of adequate blood sampling frequency and duration
in the conduct of PK studies. One notable characteristic of the
time versus concentration curves shown in Figure 1 was the
relatively stable levels of the four coagulation factors during the
first hour after PCC administration. This observation suggests the
feasibility of less frequent early sampling in future studies.

Another prominent feature of the data shown in Figure 1 was
the attainment of maximal concentrations within 5 min after infu-
sion. Thus, PCC administration achieved a very rapid rebalancing
of the coagulation system, which is essential in situations such as
emergency haemorrhage. Another demonstrated advantage of
Beriplex P/N was the rate with which it could be infused. The 8
ml/min infusion rate in this study was faster than that reported for
other PCCs (46, 50). The combination of high infusion rate and
suitability for fast reconstitution at room temperature makes
Beriplex P/N useful for undelayed stabilization of patients.

The present results demonstrate prompt sustained increases
in coagulation factors and anticoagulant proteins after rapid PCC
infusion. These desired effects were produced without clinical
evidence of thrombosis or viral transmission.
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