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Summary. von Willebrand disease (VWD) is a het-
erogeneous bleeding disorder with symptoms in
affected patients ranging from mild effects to poten-
tially devastating haemorrhagic events. Desmopres-
sin (DDAVP) and von Willebrand factor/factor VIII
(VWF/FVII) concentrates are the principal treat-
ments. Haemate® P/Humate-P® is an intermediate-
purity VWF/FVIII concentrate with extensive clinical
experience in VWD. This concentrate has been
shown to correct haemostatic defects of VWD, with
efficacy ratings of good/excellent in nearly all
patients treated for bleeding or surgical events.
Haemate P/Humate-P has a high content of the high
molecular weight (HMW) VWF multimer fraction,
which has been shown to be very effective in
achieving haemostasis. The HMW VWF multimer
pattern in Haemate P/Humate-P is more similar to
that of normal human plasma (94% for Haemate
P/Humate-P vs. 100% for normal human plasma)
than that of other VWF/FVIII concentrates and

correlates with functional VWF activities including
ristocetin cofactor activity (VWF:RCo) and collagen-
binding activity. The recommended dosing of
Haemate P/Humate-P is based preferentially on
VWE:RCo activity, which is approximately twice
that of FVIII:C (2.4:1). Haemate P/Humate-P has
been shown to be safe; no serious adverse events or
cases of thrombosis have been observed in clinical
trials and no documented cases of viral transmission
in nearly three decades of clinical use. While DDAVP
is effective in a large proportion of VWD patients, it
may not provide adequate haemostasis in all situa-
tions. In such cases, Haemate P/Humate-P is an
effective replacement concentrate for all types of
VWD in both adult and paediatric patients.
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brand disease, von Willebrand factor

Introduction

As the most common inherited bleeding disorder,
von Willebrand disease (VWD) affects approxi-
mately 1% of the worldwide population and is
caused by quantitative or qualitative defects in von
Willebrand factor (VWF), a glycoprotein involved in
both primary and secondary haemostasis [1-3].
Symptoms range from infrequent mild bleeding to
severe haemorrhagic events. Several VWD subtypes
have been identified based on the specific VWF defect
as well as the phenotype. The deficiency in VWF is
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expressed by measures of VWF activity including
ristocetin cofactor activity (VWF:RCo), a measure of
VWEF binding to platelets, and collagen-binding
activity (VWF:CB), a measure of VWF binding to
subendothelial collagen at sites of vascular injury.
Patients may also have secondary low plasma levels
of factor VIII (FVII) coagulant activity (FVIIL:C), as
VWF is the primary carrier of FVIII in the circula-
tion. Males and females are equally affected by this
heterogeneous disorder and a high proportion of
individuals, mainly of the mild forms, remain undi-
agnosed. Patients with VWD have poorer health-
related quality of life compared with that of the
general population [4].

In VWD patients who require treatment, desmo-
pressin (DDAVP) and plasma-derived VWEF/FVIII
concentrates are the primary therapies for spontane-
ous acute bleeding episodes and for preventing
bleeding during invasive or surgical procedures [5].
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Adjunctive therapies (e.g. antifibrinolytic amino
acids, tranexamic acid, oestrogens, fibrin glues)
may be useful in localized bleeds, but controlled
studies generally have not shown an additional
benefit for them. DDAVP is not effective in all types
of VWD and may be contraindicated in patients with
certain co-morbidities including atherosclerosis,
heart failure or other conditions requiring diuretic
treatment, as well as in very young children (<3 years
old) or in patients older than 65-70 years of age [6].
In such cases, plasma-derived VWEF/FVIII concen-
trates are the current standard for controlling acute
bleeding episodes or as prophylaxis for invasive or
surgical procedures. The commercially available
concentrates differ in their purification and pathogen
removal and inactivation techniques as well as in
VWF multimer content and activity, which may
affect therapeutic safety and efficacy. Clinical expe-
rience with Haemate P/Humate-P (CSL Behring), a
VWE/FVIII concentrate with extensive experience in
the treatment of patients with VWD, is summarized
in this report.

Clinical pharmacology

Haemate P/Humate-P is a lyophilized, pasteurized,
VWEF/FVIII complex (human) that contains the high
molecular-weight (HMW) multimers of VWF [7,8].
The ratio of VWF:RCo to FVIIL:C in the concentrate
is approximately 2.4:1 [9]. A comparative gel elec-
trophoresis study of 12 VWF/FVIII concentrates
demonstrated that the HMW VWF multimer pattern
in Haemate P/Humate-P (94%) was similar to that in
normal human plasma (100%), whereas other con-
centrates showed a deficit in this multimer fraction
(e.g. 79% in Innobrand, and from 4% to 36% in the
other 10 products examined) [9,10]. High molecular-
weight multimers of VWF play an important role in
early haemostasis and thrombus formation, particu-
larly in vascular lesions under high shear stress
conditions [11]. This multimer fraction binds more
efficiently to subendothelial collagen structures than
the smaller VWF multimers and provides high
activity in the subsequent platelet adhesion and
aggregation steps of haemostasis [12].

Results of comparative studies of VWEF/FVIII
concentrates also demonstrate that VWF specific
activities (i.e. VWF:RCo/VWF:Ag and VWF:CB/
VWF:Ag) were the highest for Haemate P/Humate-
P (Fig. 1) [13,14] These findings were based on an
official European method for determining VWF
potency in concentrates (i.e. VWF:RCo) and an
additional physiological functional assay to deter-
mine collagen-binding ability (VWEF:CB).
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Fig. 1. A comparison of potencies among 12 von Willebrand
factor (VWF)/factor VIII (FVIII) concentrates for VWF functional
activities related to: (a) specific ristocetin cofactor activity
(VWF:RCo/VWEF:Ag) and (b) specific collagen type 1 binding
activity (VWF:CB/VWF:Ag). The specific VWF activities correlate
with the high molecular weight VWF multimer content of the
concentrates. The high functional activities shown for Haemate P/
Humate-P suggest that it would have good physiological activity
clinically. Products A to K: Immunate STIM Plus (Baxter); Hae-
moctin SDH (Biotest Pharma); Octanate® (Octapharma); Profilate
(Grifols); Alphanate® (Grifols); Green Eight (Greencross); Fanhdi®
(Grifols); Factor 8Y (BPL); Emoclot DI® (Kedrion); Factane®
(LFB); Innobrand (LFB). Reprinted by permission from Thieme
Medical Publishers [14]. Budde U, Metzner HJ, Miiller HG.
Comparative analysis and classification of von Willebrand factor/
factor VIII concentrates: impact on treatment of patients with von
Willebrand disease. Semin Thromb Hemost 20065 32: 626-35.

Furthermore, functional VWF activities were shown
to correlate with the high content of HMW VWF
multimers in Haemate P/Humate-P [7,10,14]. Re-
sults from other studies support the high in vitro
VWF functional activities and HMW VWF multimer
content of the concentrate [13,15]. Taken together,
these data confirm the clinical utility of Haemate P/
Humate-P in treating patients with VWD.

In patients with all subtypes of VWD, bleeding
time decreased following administration of Haemate
P/Humate-P [16-20]. The reduction in bleeding
correlated with the multimeric composition of Hae-
mate P/Humate-P being similar to that of normal
plasma [16-18,20,21]. A single infusion pharmaco-
kinetic study of Haemate P/Humate-P in eight VWD
patients (types 1, 2, 2A, and 3) in the non-bleeding
state found that the median half-life of VWF:RCo
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Table 1. Dosing recommendations for Haemate P/Humate-P for the treatment of paediatric and adult patients with von Willebrand

disease (VWD) [7].

VWD classification Haemorrhage Dosage (IU/kg VWF:RCo)
Type 1
Mild: Major: Loading dose: 40-60 IU/kg.

if desmopressin is inappropriate
(baseline VWF:RCo activity
typically >30%)

Moderate or Severe:

if desmopressin is inappropriate
(baseline VWF:RCo activity
typically <30%)

(e.g. severe or refractory epistaxis,
GI bleeding, CNS trauma,
or traumatic haemorrhage)

Minor:
(e.g. epistaxis, oral bleeding,
menorrhagia)

Major:

(e.g. severe or refractory epistaxis,
GI bleeding, CNS trauma, haemarthrosis,
or traumatic haemorrhage)

Maintenance dose: 40-50 IU/kg

every 8-12 h for 3 days to keep

nadir VWF:RCo level >50%; then
40-50 IU/kg daily for total of <7 days.

40-50 IU/kg for 1 or 2 doses.

Loading dose: 50-75 IU/kg
Maintenance dose: 40-60 IU/kg
every 8-12 h for 3 days to keep
nadir VWF:RCo level >50%; then

Type 2 (all variants)
if desmopressin is Minor:
inappropriate and
Type 3
Major:

(clinical indications above)

(clinical indications above)

40-60 IU/kg daily for total of <7 days.
Monitor and maintain FVIIL:C plasma
level according to the guideline for
haemophilia A therapy.

40-50 IU/kg for 1 or 2 doses.

Loading dose: 60-80 IU/kg
Maintenance dose: 40— 60 TU/kg
every 8- 12 h for 3 days to keep
nadir VWF:RCo level >50%; then
40~ 60 IU/kg daily for total of <7 days.
Monitor and maintain FVIIL:C plasma
level according to the guideline for
haemophilia A therapy.

CNS, central nervous system; GI, gastrointestinal; VWF:RCo, von Willebrand factor:ristocetin cofactor activity.

was 10.3 h and the median in vivo recovery of
VWF:RCo was 1.89 (IU dL™')/(IU kg™") [7]. In
addition, observed improvements in VWF multimer
pattern were sustained for 22-26 h post-infusion in
most cases.

Clinical efficacy

The clinical efficacy of Haemate P/Humate-P has
been established in several clinical trials [8,16,
17,20,22-29]. Dosing of the VWF/FVIII concentrate
in most studies was based on FVIIL:C potency.
However, because the primary goal in VWD therapy
is replacement of the deficient or dysfunctional VWF
protein, haemostatic potency relative to VWF activity
may be a more appropriate method for calculating
dosages of VWF/FVIII concentrates. Dosing recom-
mendations for Haemate P/Humate-P for the treat-
ment of haemorrhage in paediatric and adult VWD
patients are shown in Table 1.

More recent studies have evaluated Haemate P/
Humate-P treatment using VWF:RCo unit dosing,
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which addresses the primary deficiency in haemosta-
sis in a majority of patients with VWD. A retrospec-
tive review conducted in Canada of data from 97
VWD patients with emergency authorizations for
Haemate P/Humate-P treatment provides insight into
the efficacy of this concentrate using VWF:RCo unit
dosing [25]. These data were collected using a
standardized form and included 437 events (bleeding
episodes, surgeries) in the 97 patients. As dosing was
based on FVIIL:C units as per the German package
insert, doses for the retrospective analysis were
converted to VWF:RCo units based on an analysis
of the 25 lots of Haemate P/Humate-P used to treat
patients. The average ratio of VWF:RCo to FVIII:C
in the concentrate was 2.6 IU (range 2.00-3.12 IU).
Results showed an overall efficacy rating for Hae-
mate P/Humate-P of excellent (complete cessation of
bleeding) or good (partial, but adequate control of
bleeding) in 97% of events (Table 2). The median
Haemate P/Humate-P doses per infusion by event
types were as follows: 69.1 [lU VWF:RCo/kg for
surgical events; 55.3 IU VWF:RCo/kg for bleeding;

Haemophilia (2008), 14 (Suppl. 5), 39-46
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Table 2. Efficacy ratings of excellent or good with Haemate P/Humate-P treatment using VWF:RCo dosing for 437 bleeding events in 97

patients with von Willebrand disease (VWD). Adapted from [25].

VWD type
1 (n=32) 2A (n=3) 2B (n = 18) 3 (n=28) Other* (n = 14) Total (n = 97)
Surgeries 26/26 6/6 13/14 21721 6/6 72173 (99)
Bleeding episodes 32/32 17117 60/60 198/208 25127 332/344 (97)
Prophylaxis - - - 20/20 - 20/20 (100)

*Types 2N, 2M and acquired VWD.
Values in parentheses are percentages.

and 41.6 ITU VWF:RCo/kg for prophylaxis. Most
infusions were administered within the first 7 days
after an event, with approximately 55% of surgical
and 35% of bleeding patients requiring treatment
after the first day.

An analysis of Haemate P/Humate-P use in paedi-
atric patients included in the Canadian data indi-
cated that it is highly effective in this population
[25]. Efficacy ratings of excellent or good were
achieved in 100% of infants (1 month to <2 years;
n=17), 95% of children (2 years to <12 years;
n=164), and 94% of adolescents (12 years to
<16 years; n = 81). These findings confirm an earlier
study in children (45 with bleeding; 64 undergoing
invasive or surgical procedures) with various types of
VWD in which Haemate P/Humate-P successfully
stopped post-traumatic bleeding and was effective
for bleeding prophylaxis for surgery, including chil-
dren whose bleeding was not controlled by DDAVP
[20]. Haemate P/Humate-P also corrected functional
activity parameters of VWD (VWF:Ag, VWF:RCo,
FVIILC).

Several other studies have evaluated use of
Haemate P/Humate-P in VWD patients undergoing
surgery, both elective and urgent procedures. A
retrospective review of 26 patients (median age
41.5 years) with type 1 (n = 19) or type 2B (n = 7)
VWD who underwent 43 surgical or invasive
procedures found that perioperative prophylaxis
with Haemate P/Humate-P according to recom-
mended guidelines successfully controlled bleeding
[26]. Mean total dosage of Haemate P/Humate-P
varied by procedure: 38.4IU VWF:RCo kg™
for dental extractions; 87.3 TU VWF:RCo kg™ for
invasive procedures; 120.8 ITU VWEF:RCo kg™!
for minor surgery; and 284.1 I[U VWF:RCo kg™!
for major surgery. Only one patient with severe
periodontal disease experienced bleeding 3 days
after multiple dental extractions and received two
additional doses of Haemate P/Humate-P to control
bleeding. Another series in patients with predomi-
nantly type 1 and type 3 VWD suggested that a
continuous infusion of Haemate P/Humate-P (aver-
age dose 24.3 VWF:RCo U kg™' day™!) provided
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effective prophylaxis for surgical procedures and
achieved target levels of FVIII:C and VWF:RCo
with approximately half the expected dose as that
recommended for intermittent bolus administration
[30].

The VWF:RCo component is more important than
the FVIII:C component for prevention of periopera-
tive bleeding in most patients with type 2 VWD,
whose FVIII and VWF antigen levels are near the
normal range, but with a marked reduction in HMW
VWF multimer level and VWF activity. On the other
hand, replacement of both FVIIL:C and VWF:RCo
are important in other VWD subtypes. Following the
dosing recommendations for VWF/FVIII concen-
trates based on pharmacokinetic studies in patients
with type 3 VWD [8,18] resulted in over-treatment
of type 2 patients undergoing bleeding prophylaxis
for surgery with Haemate P/Humate-P [8]. A com-
bined pharmacokinetic and efficacy study in five type
2 patients determined the in vivo responses of VWF
parameters and FVIII and assessed bleeding prophy-
laxis during elective major surgery with Haemate P/
Humate-P using a lower dosing regimen - loading
dose of 40-50TU kg™! FVIIL:C (88-110 IU kg™
VWF:RCo) followed by 15-201U kg™' FVIIL:C
(33-44 TU kg™! VWF:RCo) every 12 h (half-life of
VWEF parameters was approximately 12 h) for sev-
eral days [8]. The reduced dose regimen corrected
bleeding times to normal at levels of FVIII:C and
VWF:RCo between 1 UmL™ and 2UmL™" in
VWD patients, as compared with levels of between
0.6 UmL " and 1.5 U mL™" in healthy controls. The
correction of haemostatic defects was associated
with improved VWF multimer pattern (Fig. 2). The
investigators recommended a further reduction in the
dose of Haemate P/Humate-P for major surgery to
60-80 IU kg™' VWF:RCo for a loading dose, fol-
lowed by 30-40 IU kg™' VWF:RCo every 12 h for
5-7 days. Others have shown that a pharmacoki-
netic-guided approach to VWF:RCo dosing of Hae-
mate P/Humate-P in patients with VWD undergoing
elective surgery is feasible to achieve reliable target
plasma FVIII:C and VWF:RCo levels for effective
haemostasis [27].
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Fig. 2. A female with type 2B VWD received one pre-operative Haemate P/Humate-P loading dose (50 IU kg™" FVIII:C; 110 IU kg™!
VWE:RCo) followed by doses of 15-20 U kg™! FVIIL:C (33-44 U kg™ VWF:RCo) twice daily for several days after major surgery
(splenectomy). Treatment corrected the strongly prolonged Ivy bleeding times and the VWF parameters to normal (left), and corrected the
VWF multimer pattern as visualized by luminescence technique according to Budde et al. [35] (right). FVIIL, factor VIII; VWD, von
Willebrand disease; VWEF, von Willebrand factor; FVIIL:C, FVIII coagulant activity; VWF:RCo, VWF ristocetin cofactor activity. Reprinted
with permission from Lippincott, Williams and Wilkins [8]. Michiels JJ, Berneman ZN, van der Planken M, Schroyens W, Budde U, van
Vliet HHDM. Bleeding prophylaxis for major surgery in patients with type 2 von Willebrand disease with an intermediate purity factor

VIII-von Willebrand factor concentrate (Haemate-P). Blood Coagul Fibrinolysis 2004; 15: 323-30.

Calculation of Haemate P/Humate-P doses based
on VWF:RCo activity for patients with various VWD
subtypes undergoing urgent surgery or having urgent
bleeding episodes resulted in efficacy (achievement of
haemostasis) in virtually all patients (98% and 100%
excellent/good ratings, respectively) [28,29]. In a
study of 33 patients (median age 31 years) with 53
urgent bleeding events, the median loading dose of
Haemate P/Humate-P was 67 IU kg™' VWF:RCo
and the median daily maintenance dose per infusion
was 74 TU kg™' VWEF:RCo, with a median treatment
duration of 2 days [28]. In another study of 39
patients (median age 43 years) with 42 surgical
treatment events, median Haemate P/Humate-P
doses were 82.3 TU kg™' VWF:RCo for loading and
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52.8 IU kg™' VWF:RCo for maintenance, with a
median duration of three treatment days [29].
In neither study did the type of VWD signifi-
cantly influence the daily utilization of Haemate
P/Humate-P.

A small study (7 = 8) of patients with type 2A
VWD found that Haemate P/Humate-P was superior
to Alphanate (Grifols) in restoring haemostasis,
as assessed by the increase in VWF:RCo activ-
ity unit™ kg™' [31]. FVIII levels normalized with
both treatments in all patients, whereas VWF:RCo
was restored to the normal range in all eight patients
after treatment with Haemate P/Humate-P compared
with in four of eight patients after treatment with

Alphanate. The authors noted that VWF/EFVIII con-

Haemophilia (2008), 14 (Suppl. 5), 39-46
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centrates with a higher VWF:RCo than FVIIL:C
content allow lower doses of concentrate to be
administered when dosing is based on the VWF:RCo
content [31].

Safety

A safety consideration for products derived from
pooled human plasma is the risk of transmission
of pathogens and subsequent disease. Haemate P/
Humate-P is a purified product that undergoes
a pasteurization process to inactivate both lipid-
enveloped and non-enveloped viruses [7]. In vitro
experiments have demonstrated that human
immunodeficiency virus (HIV), herpes simplex
virus-1, bovine viral diarrhoea virus, cytomegalovi-
rus (CMV) and polio viruses are inactivated to
undetectable levels. In vivo studies in chimpanzees
demonstrated the low risk of transmission of hepa-
titis in that no animal injected with the pasteurized
product became seropositive, whereas those injected
with hepatitis B-infected cryoprecipitate or a non-
pasteurized antihaemophilic factor VIII/VWF com-
plex product developed markers of hepatitis B.
Evidence from clinical trials confirms the low risk
of pathogen transmission with Haemate P/Humate-P
in patients with VWD or haemophilia [22,32,33]. In
two studies, patients remained seronegative for
hepatitis B surface antigen and did not show clinical
signs of or develop hepatitis infection after treatment
with Haemate P/Humate-P [22,32]. Patients did not
develop markers for, or signs of, other viral infec-
tions including hepatitis A, CMV, Epstein-Barr or
HIV [22]. Other studies also demonstrated that
patients were seronegative for HIV-1 and HIV-2
antibodies for periods ranging from 4 months to
9 years following initial treatment with Haemate P/
Humate-P [33,34]. Furthermore, there are statements
that there have been no documented cases of viral
transmission in patients receiving this concentrate in
over 25 years of clinical use in Europe and over
17 years of use in the USA (data on file, CSL
Behring).

Haemate P/Humate-P has a favourable safety
profile. No serious adverse events related to the
drug have been reported in clinical trials
[16,20,22,23,25,26,28,29].  Allergic  symptoms
including mild allergic reaction were reported <6%
of patients, while other unexpected adverse events
included chills, phlebitis, vasodilatation, paraesthe-
sia, peripheral oedema, extremity pain and pseudo-
thrombocytopenia in a few patients [7,29]. No cases
of thrombosis were observed in clinical trials.
Nonetheless, as thromboembolic events may occur
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in patients with VWD who have other thrombotic
risk factors, care should be exercised with adminis-
tration of VWEF/FVIII concentrates to patients at high
thrombotic risk.

Conclusion

von Willebrand disease is a heterogeneous inherited
bleeding disorder for which the haemostatic defects
are not uniform across types. DDAVP and VWF/
FVIII concentrates are the principal treatments. The
HMW VWF multimer pattern in Haemate P/
Humate-P is more similar to that of normal human
plasma (94% vs. 100%) than that of other VWF/
FVIII concentrates and correlates with high func-
tional VWF activities including VWF:RCo and
VWEF:CB. Administration of Haemate P/Humate-P
in patients with different VWD subtypes results in
effective haemostasis in both adult and paediatric
patients. The ratio of VWF:RCo to FVIII activity is
approximately 2.4:1. Dosing of Haemate P/Humate-
P in VWD patients should be based preferentially on
VWE:RCo content, reflecting the primary treatment
goal of correcting VWF activity. In addition, dosing
based on FVIII activity may result in over-treatment
of some patients, particularly those with type 2 VWD
in whom the VWF:RCo component of VWF/FVIII
concentrates is more important for preventing peri-
operative bleeding and normalizing bleeding times
than is the FVIIL:C component. Administration of
Haemate P/Humate-P has been shown to be safe
based on study data and extensive clinical experi-
ence. Although derived from pooled human plasma,
purification and pasteurization effectively reduce
pathogen risk of Haemate P/Humate-P such that no
cases of viral transmission have been documented in
many years of use including during the devastating
era of HIV infection among haemophiliacs. Addi-
tional studies are assessing dosing based on
VWF:RCo activity as well as a pharmacokinetic
guided approach to dosing.
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