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Summary. Patients with severe haemophilia A experi-
ence frequent and spontaneous bleeding, causing
debilitating damage to joints and decreasing quality of
life. Prophylaxis with factor VIII (FVIII) reduces joint
damage if initiated early. Circulating FVIII levels may
be influenced by endogenous von Willebrand factor
(VWF), a chaperone protein that binds and stabilizes
FVIII. The aim of this study was to determine whether
endogenous VWF antigen (VWF:Ag) levels are
correlated with FVIII pharmacokinetic (PK) parame-
ters and clinical outcomes in patients with severe
haemophilia A. Previously treated, non-inhibitor
patients in a multinational, randomized, double-blind,
Ph II study received prophylaxis with once-weekly
BAY 79-4980 (35 IU kg�1) or thrice-weekly re-
combinant sucrose-formulated FVIII (rFVIII-FS;
25 IU kg�1). PK parameters were evaluated at weeks
1 and 26. The number of bleeds per patient during
the study was captured as part of the core efficacy
endpoint. Spearman rank correlations assessed
relationships of VWF:Ag levels with patient age, PK

and annualized bleeding rate. Of 131 study patients
(aged 13�64 years; BAY 79-4980, n = 63; rFVIII-FS,
n = 68), 27 (21%; n = 15 and 12 respectively) were
evaluable for PK assessment. Baseline VWF:Ag levels
correlated with patient age (P < 0.0001). There was
no significant difference in PK results between
treatments; thus, PK parameters and VWF levels of all
patients were analysed together. AUCnorm and T1/2

significantly increased with increased VWF:Ag
(P < 0.001); clearance significantly decreased with
increased VWF:Ag (P = 0.002). Annualized bleeding
rate in patients treated with 39 per week rFVIII-FS
significantly correlated with VWF:Ag and age
(P = 0.038 and 0.021 respectively). PK parameters as
well as the clinical outcome significantly correlated
with endogenous VWF:Ag. The improved clinical
outcome in subjects with high VWF:Ag levels may be
explained by VWF:Ag influence on FVIII PK.
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Introduction

Patients with severe haemophilia A (<1% FVIII:C)
experience frequent spontaneous haemorrhaging
(bleeding) into soft tissue and joints, leading to debili-
tating joint damage, culminating in decreased quality
of life [1–3]. Many studies have demonstrated the

means to prevent arthropathy through prophylaxis
treatment with exogenous FVIII, which aims to pre-
serve a level of FVIII:C in a haemophilia patient that
would decrease the number of spontaneous bleeding
episodes [4,5].
Prophylactic regimens that prevent the occurrence

of spontaneous haemorrhage by maintaining adequate
levels of FVIII:C require infusions approximately every
2–3 days, due to the short half-life of FVIII in circula-
tion [6–10]. The need for a long-acting FVIII product
led to the development of BAY 79-4980, a recombi-
nant sucrose-formulated FVIII (rFVIII-FS) reconsti-
tuted with a pegylated liposome solvent.
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The core results of the Ph II study have been pub-
lished and focused on the efficacy and safety data
from the study [11]. Briefly, there were no safety con-
cerns with BAY 79-4980. However, the planned
interim analysis by the data safety and monitoring
board indicated that the primary and secondary effi-
cacy endpoints would not be met. Prophylaxis with
once a week BAY 79-4980 did not achieve non-inferi-
ority compared to rFVIII-FS administered three times
per week. Patients randomized to the study drug arm
showed a statistically significant higher number of
spontaneous bleeding and joint bleeding episodes com-
pared to patients in the control arm. On the basis of
the results of the interim analysis, the sponsor, Bayer
Healthcare AG, halted the study. Despite the study
not reaching completion, the high enrolment and
patient number of the study as well as the comprehen-
sive data gathered can potentially provide further
insight into the factors that influence FVIII half-life
and bleeding phenotype in patients with severe hae-
mophilia A.
It is of great interest to the community whether cir-

culating levels of von Willebrand factor (VWF) affect
a haemophilia patient’s response to FVIII treatment. It
is known that FVIII relies on binding to VWF to
remain stable and prevent degradation and clearance
[12–14]. However, there is a wide variation in each
individual patient’s measured FVIII half-life (from 6 to
29 h) and little is known mechanistically to explain
why some patients present with relatively low or high
FVIII half-lives [9,15–17]. It has been shown that
FVIII half-life correlates with VWF antigen preinfusion
levels [18,19]. If endogenous VWF levels can predict
FVIII half-life, patients with lower VWF levels would
theoretically have shorter bleed-free periods between
FVIII infusions [20,21]. Identification of patients with
short FVIII half-lives would aid physicians in prescrib-
ing the optimum prophylaxis regimen that would pre-

vent their patient from experiencing breakthrough
bleeding. The objective of the current analysis was to
determine if a correlation between VWF antigen
(VWF:Ag) and FVIII pharmacokinetic (PK) parameters
existed and whether this relationship translated to
clinical outcomes with respect to bleeding episodes.

Materials and methods

Study design

The study design has been described previously [11].
Briefly, this was a multicentre, multiregional, random-
ized, active-controlled, double-blind, prospective
non-inferiority trial with two parallel treatment arms
conducted in subjects with severe haemophilia A.
The investigational treatment regimen was once-
weekly 35 IU kg�1 body weight of BAY 79-4980
(consisting of 35 IU kg�1 rFVIII-FS reconstituted with
13 mg kg�1 pegylated liposome; investigational drug)
plus two placebo injections and the control arm was
standard prophylaxis (thrice-weekly treatment) with
25 IU kg�1 body weight of rFVIII-FS (Bayer Health-
Care Pharmaceuticals Inc., Berkeley, CA, USA); active
control; Fig. 1). The study lasted from 30 June 2008
to 5 October 2010 and for each enrolled subject con-
sisted of a screening period (3–8 weeks) and a treat-
ment period (52 weeks). There was a planned
enrolment of 250 subjects; however, the study was
prematurely halted due to the failure to meet the pri-
mary endpoint at the planned interim analysis.
The study was conducted in compliance with the

International Conference on Harmonisation of Techni-
cal Requirements for Registration of Pharmaceuticals
for Human Use, good clinical practice guidelines and
the Declaration of Helsinki. The study protocol was
approved by independent institutional review boards
of all participating hospitals. All subjects provided

Double-blind

Run-in BAY 79-4980 (13 mg) 1x/week 35 IU/kg
(1x BAY 79-4980 + 2x excipient rFVIII-FS-WFI) N = 125

Run-in
rFVIII-FS 3x/week 25 IU/kg
(1x rFVIII-FS-POPC + 2x rFVIII-FS-WFI) N = 125

Randomization

On-demand
and secondary
prophylaxis
subjects
with severe 
haemophilia A
(<1%) in 63 
centers in 
14 countries (3 hospital infusions)

Baseline: 
FVIII PK & PD

12th Week:
Cholesterol PK

26th Week:
FVIII PK & PD

Interim Analysis

49 weeks3 weeks

Fig. 1. Study design schematic. Subjects were randomly allocated to receive either BAY 79–4980 once a week at a dose of 35 IU kg�1 body weight plus two

dummy infusions, or rFVIII-FS three times a week at a dose of 25 IU kg�1 body weight for a total evaluation period of 52 weeks. All subjects then underwent

a run-in period of 3 weeks, during which time they received their first three liposomal infusions in the hospital under medical supervision before the home

treatment was initiated. The N represents the planned enrolment number.
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signed informed consent prior to receiving any study-
related tests or treatment.

Eligibility criteria

The study enrolled previously treated male patients
(≥150 ED) aged between 12 and 70 years with severe
haemophilia A (<1% FVIII). In addition to the inclu-
sion and exclusion criteria set forth in the trial for
selecting study participants for the efficacy and safety
portion of the trial, the PK substudy excluded subjects
who were receiving any pegylated medication (e.g.
PEG interferon) in the month prior to the PK session.
The inclusion in the PK sub-study was by patient’s
willingness in three prespecified study sites. Overall,
15 subjects were recruited at one site and all of them
participated in the PK study.

PK assessment

The PK analysis was based on all subjects of the PK
subgroup with evaluable PK data at week 1 as well as
at week 26. Blood samples were drawn at the following
time points: preinjection, 10 and 30 min, 1, 3, 6, 9, 24,
28, 32, 48 (72 optional) h post injection of study drug
or control. The following PK parameters for FVIII were
determined: AUC, AUC/D, AUCnorm, AUC(0-tn), Cmax,
Cmax/D, Cmax,norm, tmax, in vivo half-life (T1/2), clear-
ance, MRT, Vss and incremental recovery.

VWF:Ag assessment

Sandwich ELISA assay was used to determine the level
of VWF:Ag in each sample and has been previously
described [22]. For this study, the following antibodies
were used: AB polyclonal rabbit antihuman VWF anti-
body A 82 Dako (DAKO A/S, Glostrup, Denmark) and
AB polyclonal rabbit antihuman VWF antibody peroxi-
dase-labelled A 228 Dako (DAKO A/S). For determina-
tion of ADAMTS-13 antigen and activity a commercial
reagent in a modified FRETS- test was used (Techno-
zym ADAMTS13; Fa. Technoclon, Wien, Austria).

Bleeding rate assessment

Electronic patient diary (ePRO-LOGTM; Arrowhead
Electronic Healthcare, LLC., Austin, TX, USA) was
used for documentation of home injection treatment
and any bleeding episodes. Annualized bleeding rates
were obtained for each subject by dividing his number
of bleeds during the study by the number of days he
was in the study, then multiplying by 365.25.

Statistical analysis

Demographic and baseline data of the investigated
populations are summarized by descriptive statistics

and t-test for statistical comparisons. Quantitative
data (except PK-parameter) are described by summary
statistics like arithmetic mean, arithmetic standard
deviation, median and range. PK-parameters are sum-
marized using geometric mean and geometric standard
deviation. Qualitative data are condensed in frequency
tables.
Patients were subdivided into two groups according

to their VWF:Ag-values at baseline, a group with low
values below a cut-off level and a group with high val-
ues above the cut-off level. The choice of the cut-off
of 140% is somewhat arbitrary. However, looking at
the maximum value of the VWF antigen at baseline,
there were apparently two groups of patients in our
data, that is one group with a maximum baseline
value ≤131% and one group with values ≥161%. In
between there was a gap. Thus, the choice of 140%
used this gap to split the population. Nevertheless,
two cut-off levels were used, 120% and 140%, to
examine whether any findings depend on the choice of
the cut-off level. For the comparison of PK-parameters
between the patients with a baseline VWF:Ag below
the cut-off level and those with a baseline VWF:Ag
above the cut-off level, a t-test on the log-transformed
PK-parameter was used.
To investigate a potential correlation between two

variables, a scatter plot is provided including a linear
regression line and Spearman and Pearson correlation
statistics.
To investigate the relationship between PK-parame-

ter (as dependent variable) and age and VWF:Ag, a
regression analysis was performed including both
independent variables.

Results

Subject characteristics at baseline

A total of 139 subjects (n = 67 BAY 79-4980;
n = 72 rFVIII-FS) comprised the study population
evaluable for safety (intent-to-treat group) while 131
subjects were evaluable for efficacy (n = 63 BAY 79-
4980; n = 68 rFVIII-FS; per protocol group). Of
these patients, 34 from the treatment arm and 41
from the control arm completed the study. The mean
age, previous treatment regimen (prophylaxis vs. on-
demand), bleeds during the previous 6 months and
presence of target joints were comparable between
the treatment and the control arms. Furthermore,
patient baseline measurements of VWF:Ag, ADAM-
TS-13-Ag and ADAMTS-13-Act were not signifi-
cantly different between the two treatment arms
(Table 1; t-test; P > 0.1).
To determine the VWF:Ag frequency at baseline,

patients were categorized at cut-off levels of either
120% or 140% VWF:Ag levels. Among 135 subjects,
93 (68.9%) had VWF:Ag levels <120% and 42
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(31.1%) had levels ≥120%. Using the higher cut-off
value of 140%, 112 (82.9%) patients measured
<140% and 23 (17.1%) had levels ≥140%. Table 2
demonstrates the mean VWF:Ag levels by age group.
The results confirmed that VWF:Ag levels increased
with age. VWF:Ag levels in subjects >50 years of age
were twice as high as compared to subjects <20 years.
Interestingly, while VWF:Ag showed a relationship
with age (Spearman Rank correlation r = 0.46;
P < 0.0001; ITT population,), ADAMTS-13-Ag levels
and activity did not correlate with age (r = �0.04,
P = 0.61; r = 0.156, P = 0.067 respectively). Body
weight was taken into account and no relationship
was detected between VWF:Ag and body weight (data
not shown). Patients with blood group O (n = 54)
had significantly (P < 0.0001) lower levels of VWF:Ag
compared to non-O blood group (n = 63) patients
(mean = 89.1 � 33.7 blood group O; 128.3 � 28.3

Non-O).Patients were checked for concomitant infec-
tive diseases and it was observed that those with a
viral hepatitis disease (n = 94; mean VWF:
Ag = 119.3 � 19.3), either HBV or HCV, tended to
have higher VWF levels than those without this
concomitant disease (n = 45; mean VWF:Ag =90.9 �
30.9).
During the study, high VWF values of >200% were

seen in patients who developed an acute infection (e.g.
acute bronchitis, angina, infection of prosthesis, reacti-
vation of HCV; data on file).
A subset of patients from the study participated in

the PK analysis. A total of 27 (21% of total popula-
tion) patients were evaluated for PK. Interestingly,
the subjects’ VWF:Ag levels created two distinct
groups: those with a maximum VWF:Ag value of
≤131% or ≥161%, creating a gap that is split by the
140% VWF:Ag cut-off, 20 subjects showing baseline
VWF:Ag levels <140% and seven ≥140% and 11
subjects (42.3%) showed a VWF level of ≥120%.
The demographics of the PK population are summa-
rized in Table 3. All subsequent analyses were con-
ducted using the PK subgroup population, unless
otherwise noted. PK data at week 1 and 26 were
available from 15 subjects who received BAY 79-
4980 and 12 who received rFVIII-FS. In this study,
the hemostatic properties and PK characteristics were
not different between BAY 79-4980 and rFVIII-FS.
Therefore, patients from both treatment groups were
evaluated together for factors that influenced PK
parameters.

Relationship between VWF:Ag and PK parameters

The potential effect of VWF:Ag on patient FVIII PK
parameters was examined. Although both week 1 and
week 26 data were analysed for correlations between
the variables, there were no relevant differences
between the two time points, thus week 26 was repre-
sentative of both. All data presented are from week
26 sampling. In addition, both VWF:Ag cut-offs of
120% and 140% were calculated and no relevant dif-
ferences were found unless otherwise noted. Only the
140% VWF:Ag cut-off data are presented.

Table 1. Patient baseline characteristics.

BAY 79-4980 rFVIII-FS Total

Intent-to-treat

population

67 72 139

Per protocol

population

63 68 131

Mean age

years (median,

range)

32.8

(30, 14–61)
34.4

(30.5, 13–64)
33.6

(30, 13–64)

Previous treatment

N (%)

prophylaxis

29 (46) 24 (35) 54 (40)

N (%)

on-demand

34 (54) 44 (65) 78 (60)

Target joints

1 Target joint

N (%)

52 (83) 54 (79) 106 (81)

>1 Target joint

N (%)

36 (57) 39 (57) 75 (57)

VWF:Ag %

mean (median)*

106.6 (104) 110.9 (106.5) 108.8 (106)

ADAMTS-13-Ag %

mean (median)†
78.8 (76) 80.9 (78) 79.9 (76)

ADAMTS-13-Act %

mean (median)†
97.5 (96) 102.5 (99.5) 100.1 (99)

All patient characteristics correspond to per protocol population unless

otherwise specified.

rFVIII-FS, recombinant sucrose-formulated FVIII; VWF, von Willebrand

factor.

*ITT population: BAY 79-4980 N = 67; rFVIII-FS N = 72; total

N = 139.
†BAY 79-4980 N = 66; rFVIII-FS N = 72; total N = 138.

Table 2. Relationship between von Willebrand factor:Ag levels and age.

Age group in years N Mean � SD Range

<20 9 75.4 � 29 27–117
20 to <25 27 86.6 � 26.6 41–137
25 to <30 30 103 � 34.3 43–163
30 to <40 34 106.3 � 38.6 29–210
40 to <50 20 129 � 34.2 57–189
50 to <60 14 151.7 � 64.1 78–272
>60 5 177 � 110.7 65–358

Spearman rank correlation r = 0.46, P < 0.0001.

Table 3. PK population demographics.

VWF:Ag < 140% VWF:Ag ≥ 140% Total

N 20 7 27

Mean age in

years

29.2 42.2 32.1

Median age

(range)

29 (20–45) 39.5 (32–58) 31 (20–58)

BAY 79-4980

arm

11 4 15

rFVIII-FS arm 9 3 12

PK, pharmacokinetic; VWF, von Willebrand factor; rFVIII-FS, recombi-

nant sucrose-formulated FVIII.
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Decreased clearance was correlated with a high
VWF:Ag level (Table 4). At the 26 week visit, a geo-
metric mean clearance rate was greater in subjects
with <140% VWF:Ag (n = 20) compared with those
with ≥140% (n = 7) (P = 0.003; Fig. 2). PK parame-
ters of AUCnorm and T1/2 also were found to correlate
with VWF:Ag with increased AUCnorm and T1/2 signif-
icantly associated with high VWF:Ag levels
(P = 0.0005 for both; Table 4). The T1/2 ratio of
≥140%/<140% was 1.45, demonstrating that T1/2 was
1.45 longer in patients with ≥140% VWF:Ag levels
compared with subjects with lower VWF:Ag. Spear-
man rank correlation statistics of week 26 PK parame-
ters and VWF:Ag levels confirmed correlations in the
clearance, AUCnorm and T1/2 parameters (P < 0.0001
for AUCnorm and T1/2, P = 0.0018 for clearance;
Fig. 3; Table 4). There was no influence on Cmax by
VWF:Ag levels (P = 0.467).
It was earlier shown that VWF:Ag levels increased

with age and it was of interest to determine if the
correlations between PK parameters and VWF:Ag
were in actuality a result of age. Spearman rank corre-
lation and regression analyses demonstrated that
VWF:Ag levels had a significant influence on AUCnorm

and T1/2 PK parameters. However, age was not
correlated with the PK parameters, especially when

excluding the two oldest patients aged 49 and
58 years, leaving a population of 25 patients aged
between 20 and 45 years (Table 5).

Relationship between VWF:Ag and bleeding rate

To determine if there was a clinical consequence of
high or low VWF:Ag levels, the presence of a correla-
tion between VWF:Ag level and annualized bleeding
rate was explored in patients in the control arm of the
study (n = 72). The subjects treated with rFVIII-FS
three-times per week and who had VWF:Ag levels
<140% demonstrated a greater number of bleeds
(mean = 6.5 � 7.1) compared to those in the same
arm having ≥140% VWF:Ag levels (mean =
2.5 � 4.3; P = 0.0354). The median number of bleeds
per year in the two subgroups were 4.2 (0–22.8) and
1.1 (0–15.9) respectively. Therefore, patients with
high VWF:Ag have lower bleeding rates during pro-
phylaxis treatment of 25 IU kg�1 39 per week com-
pared to patients with low VWF:Ag levels. Spearman
rank analysis found a significant correlation between
VWF:Ag and annualized bleeding rate (r = �0.25;
P = 0.038) but a significant correlation was also
observed between age and bleeding rate (r = �0.28;
P = 0.021).

Table 4. Overview of correlation between VWF:Ag and PK parameters, week 26, geometric means.

VWF:Ag < 40% VWF:Ag ≥ 140% P-value Spearman rank coefficient (r) P-value

Clearance (dL h�1) 2.1 1.3 0.0032 �0.57 0.0018

AUCnorm (kg 9 h dL�1) 33.7 51.8 0.0005 0.69 <0.0001
T1/2 (h) 11.4 16.5 0.0005 0.82 <0.0001

PK, pharmacokinetic; VWF, von Willebrand factor.
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Fig. 2. Correlation between von Willebrand

factor (VWF):Ag with FVIII clearance. A

decreased rate of FVIII clearance was correlated

with increased levels of patient VWF:Ag at base-

line. The figure demonstrates the data at week 26

during the study, however, week 1 results are not

significantly different from the data shown.
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Discussion and conclusion

This multiregional, prospective, randomized, active-
controlled trial in subjects with severe haemophilia A
provided an opportunity to investigate the relationship
between VWF and FVIII PK and bleeding. PK parame-
ters were significantly correlated with VWF:Ag levels,
specifically that high VWF:Ag increased AUC and
half-life and decreased clearance. The correlations
were confirmed using regression analysis. Interestingly,
the influence of VWF:Ag on PK was not due to age in
that although mean VWF:Ag levels increased with
age, the PK parameters for all patients were not
directly correlated with age.
The clinical significance of these findings were dem-

onstrated by showing that under prophylaxis therapy,
the annualized bleeding rate in patients with high
VWF:Ag (≥140% in this study) was lower than that in
patients with low VWF:Ag. Significant correlations
between VWF:Ag and bleed rate and also between age
and bleed rate were observed. The clinical observation
of a reduced bleeding rate in patients with high VWF:
Ag may be explained by longer FVIII half-life due to

increased VWF:Ag. Patients with high VWF:Ag have
measured FVIII half-lives of 1.49 times that of patients
with low VWF:Ag. This observation can be applied to
the clinical management of haemophilia A patients
when determining their prophylactic treatment regi-
men [23]. A patient with low VWF:Ag levels should
theoretically be prescribed a shorter duration between
FVIII infusions. Furthermore, although lifestyle is
often cited as a reason that adults with haemophilia A
have fewer bleeding episodes compared to paediatric
patients, the increase in VWF:Ag levels in adults [24]
could be a contributing factor as well. It is important
to note that the bleeding analysis of this study was
limited and did not control for other factors that
could influence the bleed rate (e.g. age, number of tar-
get joints, etc.).
A controversial topic among the haemophilia com-

munity is the role of exogenous VWF and whether it
impacts the efficacy of a FVIII product [25,26]. In par-
ticular, low-purity plasma-derived FVIII (pdFVIII)
products contain VWF whereas high-purity pdFVIII or
rFVIII products do not. This study demonstrated a
significant impact of endogenous VWF:Ag on PK
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Fig. 3. Correlation between von Willebrand fac-

tor (VWF):Ag with T1/2. Increased FVIII half-life

was found to correlate with increased levels of

patient VWF:Ag at baseline. The figure demon-

strates the data at week 26 during the study, how-

ever, week 1 results are not significantly different

from the data shown.

Table 5. Impact of VWF and age on PK parameters.

Spearman rank correlation using only age or

VWF:Ag

Regression analysis using both age and

VWF:Ag

All ages <49 years All ages <49 years

r (P-value) r (P-value) P-value P-value

Age on AUCnorm 0.37 (0.06) 0.22 (0.29) 0.26 0.58

Age on T1/2 0.33 (0.09) 0.17 (0.41) 0.03 0.99

VWF:Ag on AUCnorm 0.69 (<0.0001) N/A 0.0006 0.0008

VWF on T1/2 0.82 (<0.0001) N/A 0.0007 <0.0001

N/A, not available; PK, pharmacokinetic; VWF, von Willebrand factor.
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parameters with clinical implications as regards to
bleeding events. However, the question of whether
infusing FVIII combined with exogenous VWF would
also result in improved FVIII PK results compared to
FVIII products not containing VWF is not answered in
the scope of this analysis. PK analyses of FVIII prod-
ucts have not revealed a significant difference in half-
life and clearance between VWF-containing or high-
purity FVIII products. In other studies testing PKs of
FVIII products, it would be of interest to note whether
the patient groups were controlled for endogenous
VWF:Ag levels.
In conclusion, this PK study was a subanalysis of

21% of the patients with PK data in the largest and
double-blind controlled, prospective trial in haemo-
philia history. Factor VIII PK parameters were signifi-
cantly influenced by patient endogenous VWF:Ag
levels which manifested clinically by the corresponding
effect on bleeding frequency. The results of the PK
study provide further insight and evidence of the sig-
nificance of endogenous VWF levels in the efficacy of
FVIII products for the treatment of haemophilia A.
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