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Summary. Identifying haemophilia patients with
inhibitors for clinical trials is difficult due to the
limited number of patients available. Registries are
therefore being established as an additional means of
data collection. The aim of this study was to
investigate the effect of different recombinant acti-
vated factor VII (rFVIIa; NovoSeven®) dose ranges
and dosing schedules on the incidence of re-bleeding
in haemophilia patients with inhibitors. In this
retrospective, uncontrolled study, data on the bleed-
ing patterns of adult haemophilia patients with high
responding inhibitors were analysed. Only data from
the Czech Republic, obtained by the HemoRec
registry, were used. This study analysed ‘real-life’
clinical data and focused on the collection of the same
parameters in different patients: time from bleeding
onset to first injection, effect of first injection, number
of re-bleedings, total number of injections and total

amount of haemostatic drug used. Fifteen patients
met the inclusion criteria and were included into the
study (128 bleeding episodes). Patients treated within
2 h of bleeding onset experienced less re-bleeding
than patients treated after 2 h of bleeding onset
(5.2% vs. 13.7%, respectively). In addition, patients
who were treated after 2 h of bleeding onset
experienced fewer re-bleedings when high-dose
rFVIla was used (15.8% and 0%; <120 pg kg™ and
>250 g kg™!, respectively). Initial high-dose rFVIla
was also associated with a decline in total rFVIIa
consumption. This registry has provided a unique
insight into the bleeding patterns of inhibitor
patients, highlighting the importance of early treat-
ment initiation and appropriate starting dose.

Keywords: bleeding, dose, haemophilia, inhibitors,
registry, rFVIla

Introduction

The development of inhibitors to factor VIII (FVIII)
and factor IX (FIX) is one of the most challenging
complications in haemophilia. Inhibitor development
occurs in approximately 21-33% of severe haemo-
philia A patients [1] and 2-5% of haemophilia B
patients [2]. Due to suboptimal treatment (especially
of joint bleeds) and lack of prophylactic regimens,
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chronic haemophilia arthropathy is common in these
patients, and results in reduced mobility and quality
of life [3].

Although complicated procedures, such as the
extracorporeal adsorption of inhibitors, can be
attempted to make treatment with factor concentrates
feasible in inhibitor patients, they are not used in the
treatment of mild to moderate bleeding episodes. Such
bleeding episodes in inhibitor patients are currently
treated with FVIII bypassing agents like recombinant
activated factor VII (rFVIIa; NovoSeven®; Novo
Nordisk, Bagsverd, Denmark) and activated pro-
thrombin complex concentrate (aPCC; FEIBA®;
Baxter, Vienna, Austria). Controlled studies have
shown rFVIla to have an efficacy rate of approxi-
mately 80-90% [4-6], whilst controlled studies of
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aPCC have reported efficacy rates of approximately
60-80% [6-8]. rFVIla has been used extensively over
the last two decades in haemophilia patients with
inhibitors and has established a good safety profile [9].

Since rFVIIa is not a substitution therapy like
FVIII/FIX, but represents a completely new concept
of treatment (the administration of supra-physiolog-
ical dose of rFVIIa that effectively induces haemo-
stasis at the site of injury), finding the optimal dose
has been a major challenge [10]. The primary goal of
bypassing agents like rFVIIa is to make the treatment
of inhibitor patients similar to that offered to
non-inhibitor patients — effective treatment of mild-
to-moderate joint bleeds in one single injection.
Individual adjustment of dosing due to biological
variation has been found to help achieve this goal
[6,11,12]. Recently, a dosing regimen of rFVIla
270 pg kg™' (given as one single injection) has been
shown to have comparable efficacy to the rFVIIa
3 x 90 pg kg™ standard regimen. The single-dose
regimen was approved for use in the European Union
(EU) in 2007 [6,12,13]. Nevertheless, issues regard-
ing optimal dosing remain and need to be addressed
to enable the benefits experienced by non-inhibitor
patients to be achieved by inhibitor patients.

Since the number of haemophilia patients with
inhibitors is low, the opportunities for clinical studies
in this patient population are limited. Consequently,
establishing registries for compiling experience in
haemophilia care is being explored as an alternative
means of collecting clinical data. HemoRec is a
prospective, observational registry established in
20085, for the collection of haemophilia data in the
Central European region including the Czech Repub-
lic, Poland, Slovakia, Hungary and Slovenia [14]. By
2008, 2060 patient records had been entered into the
registry. It is hoped that by assessing data from this
registry, useful information on the practices and
treatment schedules, including optimal patient care,
improved patient outcomes and improved use of
valuable resources and therapies can be identified.

This manuscript describes the analysis and results
from ‘real-life’ clinical treatment of inhibitor patients
in the Czech Republic using rFVIIa. We investigated
the effect of different rFVIIa dose ranges, and the
effect the timing of their administration had on
the incidence of re-bleeding in inhibitor patients. The
overall consumption of the haemostatic product
required per bleeding episode was also assessed.

Materials and methods

This was a retrospective, uncontrolled study based
on analyses of descriptive data from haemophilia
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patients with inhibitors in the Czech Republic, which
were collected and analysed by the HemoRec
registry.

Data collection

HemoRec is a web-based application designed to
easily capture a broad array of data on haemophilia
patients including demographic information, medical
history, physical examinations and laboratory
results. Detailed information on the primary diagno-
sis, symptoms and manifestations, treatments and
potential complications were recorded. The software
provides rapid access to data on haemophilia
patients entered into the system, detailing graphs
and reports on specific patients or patient groups.
The software offers a multilingual and customized
system set-up that allows individual user preferences.
HemoRec is provided by the Institute of Biostatistics
and Analysis at the Masaryk University in Brno,
Czech Republic, and is maintained in accordance
with patient data privacy regulations in the EU, US
and Canada.

Patient eligibility

For the purposes of the present study, only adult
haemophilia patients (adults 218 years of age) with
high responding inhibitors (historic inhibitor peak
>10 Bethesda Units mL™") from the Czech Republic
were eligible for inclusion in the study and analyses.
Only data from bleeding episodes treated with
rFVIIa have been used. Additional criteria included
previous treatment with at least one treatment course
of rFVIIa. All haemorrhages, either spontaneous or
trauma treated with rFVIIa, in both hospital and
home-treatment settings, were included in our
analysis.

Endpoints

In contrast to published prospective trials with
rFVIIa where treatment protocols with strict fixed
doses and efficacy parameters have been used, we
retrospectively analysed ‘real-life’ clinical data from
different centres without preliminary set-up of
primary or secondary objectives. We therefore aimed
to be as objective as possible by focusing on the
collection of the same parameters for all patients and
bleeding episodes. The time between the onset of
bleeding and the first injection, and the effect of
rFVIIa dose (of the first injection) was analysed and
compared with the incidence of re-bleedings, total
number of injections per bleed and total amount of
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haemostatic drug per bleeding episode. Re-bleeding
was defined as bleeding in the same location as the
original bleed within 48 h.

Safety

Treatment safety was evaluated according to inves-
tigator-determined adverse events (AEs) reported in
the registry. AEs were qualified to be related or
unrelated to the used haemostatic drug.

Statistical analysis

Descriptive statistical analyses were used for contin-
uous clinical parameters (mean, median and range)
whereas categorical variables were summarized using
frequency tables. Non-parametric tests (Mann—Whit-
ney test, Kruskal-Wallis test) were applied to assess
the difference in continuous variables. Standard level
of statistical significance P < 0.05 was used.

Results

Of the 99 patients with haemophilia and inhibitors
registered in the HemoRec registry, 15 patients from
the Czech Republic met the inclusion criteria and
were included in the study. Demographic data for the
eligible cohort are provided in Table 1. The resulting
group had registry data for the 128 bleeding episodes
treated with rFVIIa (Table 2). The majority of
bleeding episodes were into joints and accounted
for 75% (96 of 128) of recorded bleeds, 7.0% (9 of
128) of bleeding episodes were characterized as
muscle bleedings and 11.7% (15 of 128) occurred in
either the head, trunk, genitals or other locations.
Eight of 128 (6.3%) bleeding episodes included
bleeds at more than one anatomical site concurrently
(Table 3). Of the 96 joint bleeds, 36 (37.5%) were
bleeds into target joints and 60 (62.5%) were bleeds
into non-target joints (Table 4).

Table 1. Demographic characteristics of patients (7 = 15) and
their bleeding episodes. All patients considered in the analyses
were Caucasian.

Mean  Median  Range

Age 31.6 29.0 19-53
Level of FVIII inhibitor 17.3 7.1 0.7-332.8

(BU mL™!)
Mean no. of bleedings 5.0 2.5 1-17

per year

n positive nall %

Patients with HCV in anamnesis 6 15 40
Patients with HIV in anamnesis 0 15 0

HCV, hepatitis C virus; HIV, human immunodeficiency virus.
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Table 2. Time from the onset of bleeding to the beginning of
treatment, number of injections per treatment course, re-bleedings
and used amounts of rFVIIa in 128 bleeding episodes.

Average Median Range %

Hours between the onset of 4.1 2.0 0-42
bleeding and the first injection

No. of rFVIIa injections 1.9 1.0 1-11

Amount of first injection 141.0 116.1 70-348
rFVIla (ug kg™")

Amount of rFVIIa per 232.1 193.5 70-967

bleeding episode (ug kg™")
Re-bleedings (%) of 8.6
total no. of bleedings

Table 3. Location and distribution of bleeding episodes (z = 128).

Location of bleed Distribution of bleeding episodes (%)

Joints 75
Muscles 7.0
Head 3.9
Trunk 3.1
Genitals 1.6
Other locations 3.1
More than one location 6.3

Table 4. Incidence of re-bleeding according to target/non-target
joints.

No. of
No. of bleeding Bleeding
bleeding  episodes with  episodes with
episodes re-bleeding re-bleeding (%)
All joint bleedings 96 8 8.3
Target joints 36 3 8.3
Non-target joints 60 N 8.3

No significant differences (P > 0.05) for target vs. non-target
joints.

The time between the onset of bleeding and the
first injection varied greatly across the study popu-
lation (0—42 h); however, the average time to first
infusion was 4.1 h with a median of 2 h (Table 2).
The average time to first infusion was due to the fact
that 80% of bleeding episodes were treated at home.
Seventy-seven of the 128 bleedings (60.2%) were
treated within the first 2 h of bleeding onset, while
51 of 128 (39.8%) received treatment after 2 h. The
majority of bleeding episodes treated within 2 h after
onset of bleeding received treatment within the first
hour of the start of bleeding (50 of 77; 64.9%). The
influence of early initiation of rFVIla treatment on
re-bleeding rate is shown in Fig. 1. Early treatment
with rFVIIa appears to be more effective compared
with delayed treatment in controlling bleeding. The
incidence of re-bleeding is more than twice as high
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Fig. 1. Incidence of re-bleeding in relation to time to treatment.

in patients treated after 2h (5.2% vs. 13.7%
re-bleedings; P = 0.113).

The haemostatic efficacy of rFVIIa for control of
joint bleeds, as determined by re-bleeding rates, did

not differ (P > 0.05) according to whether bleeding
was at target or non-target joints (Table 4). There
was also no apparent difference between the
efficacy of rFVIla at target and non-target joints
when data were analysed for administration within
2 h of bleeding onset or administration after 2 h
from bleeding onset (Table 5). However, there
were only a small number of bleeding episodes
per category.

The effect of the first rFVIIa dose and the time to
treatment is shown in Fig. 2. The group treated
within 2 h of bleeding onset showed no significant
difference with varying dose of rFVIIa and the
incidence of re-bleeding (<120 pg kg™' [5.7%],
120-250 ug kg™ [4%], >250 pg kg™ [5.9%];
<120 pg kg™ vs. >250 pg kg™', P = 0.947). In con-
trast, the dose received by patients treated after 2 h
of bleeding onset had a much greater impact on the
incidence of re-bleeding (<120 pg kg™' [15.8%],
120-250 pg kg™ [9.1%], >250 ug kg™'  [0%];
<120 pg kg™ vs. 250 pg kg™', P = 0.721).

Seventy-nine of 128 (62%) bleeding episodes
were managed with one injection of rFVIla (mean
rFVIla dose 153.1 ug kg™!). Fewer re-bleeding
episodes were observed when single-dose rFVIla
was administered compared with multiple dose
rFVIIa infusions (6.3% vs. 12.2%; P = 0.332;
Fig. 3a). The total amount of rFVIla required per

Table 5. Incidence of re-bleeding in target/
non-target joints according to the time to

No. of No. of bleeding

Time to bleeding episodes Bleeding episodes
treatment. i . . . .
treatment episodes  with re-bleeding  with re-bleeding (%)
Target Upto2h 24 1 4.2
joints™* More than 2 h 12 2 16.7
Non-target Upto2h 38 2 5.3
joints’ More than 2 h 22 3 13.6

*P =0.210; TP = 0.267.

(a)30 (b) 30~
<2h >2h
B poogar %1 - g=8|-72;in
W Re-bleeding e-bleeding
20 1 201
S S
€ €
g 15+ g 15+
o] o]
o o
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Fig. 2. Incidence of re-bleeding in relation
to time to treatment and first rFVIIa dose 5
(a: <2 h; b: 22 h). P-values compare rFVIla
<120 pg kg™ vs. >250 pg kg™!. P = 0.721 o 0
for ‘b’ is due to only two bleeding episodes <120 ug kg’ 120-250 pg kg >250 pg kg™ <120 pg kg™ |120—250;19 kg"‘ 5250 pg kg'
in 250 pg kg™" group. rFVlla-dose rFVila-dose
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Table 6. Number of rFVIIa injections, the amount of first injec-
tion and total rFVIIa consumption per bleeding episode.

Mean total
No. of Mean first  dose rFVIla
No. of bleeding ~ Bleeding  dose rFVIla  (ug kg™")
injections episodes episodes (%)  (ng kg™ per bleed
1 79 61.7 153.1 153.1
2 22 17.2 134.3 259.4
3 11 8.6 126.9 355.6
4 9 7.0 102.3 372.6
5 and more 7 5.5 99.2 663.6
Total 128 100 141.1 232.1

bleeding episode was significantly greater for
patients treated with multiple doses of rFVIla
compared with one single dose of rFVIla
(P < 0.001; Fig. 3b). The correlation between the
mean dose at first injection, number of injections
per bleeding episode and the mean total amount of
rFVIIa per bleeding episode are shown in Table 6.
Our results show that the administration of higher
initial doses of rFVIIa lead to a decline in the total
number of injections required per bleeding episode
and decrease in mean total dose.

There were no apparent treatment-dependent pat-
terns in number or types of AEs reported into the
registry by participating centres. No thromboembo-
lic AEs were reported.

Discussion

In this paper, data from 15 adult haemophilia A
patients with inhibitors from the Czech Republic
were compiled by the HemoRec registry with special
emphasis on the use of rFVIla. Among the 128
bleeding episodes, 77 of 128 (60.2%) were treated

Haemophilia (2009), 15, 752-759

No. of infusions

2+ total rFVIIa consumption (b) in relation to
the number of infusions.

within 2 h of bleeding onset, whilst 51 of 128
(39.8%) received treatment later than 2 h after the
start of the bleeding episode. The majority of the
bleeding episodes treated within 2 h of bleeding
onset were within the first hour (50 of 77; 64.9%). It
has been reported that in haemophilia patients
without inhibitors, early treatment of bleeding epi-
sodes is associated with the most effective outcome in
terms of a lower incidence of re-bleeding and a
reduction in the amount of haemostatic product
required [15]. The same trend was observed in this
series of bleeding episodes in inhibitor patients
treated with rFVIIa. The percentage of re-bleeds in
patients treated within 2 h of bleeding onset was
5.2% compared with 13.7% in those treated after
2 h of bleeding onset.

As home treatment is associated with faster ‘time
to treatment’ [5], these findings emphasize the
importance of establishing home treatment in both
non-inhibitor and inhibitor patients. Interestingly, in
this study, the use of a higher dose of rFVIla
(>250 ug kg™') appeared to be extremely important
in decreasing the number of re-bleeds in the group of
patients treated after 2 h of bleeding onset. No re-
bleeds were observed for patients receiving rFVIIa
>250 pg kg™', while the percentage of re-bleeds in
the patients receiving rFVIla <120 pg kg™' was
15.8%. For patients receiving rFVIla 120-
250 pg kg™! the percentage of patients experiencing
re-bleeds was 9.1%, suggesting, on the basis of our
limited results, that a correlation between rFVIla
initial dose and the incidence of re-bleeding may
exist.

Thromboelastography studies indicate that higher
doses of rFVIla lead to sustained haemostatic
effects [16], probably by increasing the activation
of platelets and the initial thrombin burst at the
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site of injury. It has been hypothesized that even if
thrombin generation is not completely normalized,
it is substantially enhanced in the presence of
rFVIIa concentrations of up to 100 nm L™' and
above (roughly corresponding to an injected dose
of approximately 180-200 ug kg™') [17]. In addi-
tion, with higher doses of rFVIIa, time to start of
thrombin generation is substantially shortened and
the rate of thrombin generation is increased. The
rate of thrombin generation is important for the
fibrin structure of the haemostatic plug [18] and
fibrin clots formed in the presence of high amounts
of rFVIIa are more resistant to proteolysis [19,20],
which may be of great importance in the context
of joint inflammation, e.g. synovitis, where elevated
enzyme levels exacerbate proteolysis and destruc-
tion of synovium, cartilage and bone [21]. The
striking effect of high-dose rFVIIa on bleeding
episodes treated 2 or more hours after bleeding
onset could be explained by the increasing presence
of inflammation. As the time between bleeding
onset and the start of treatment lengthens, more
inflammation develops. In an inflamed environ-
ment, intra-articular vessels show a greater ten-
dency for bleeding [22]. Thus, higher doses of
rFVIIa may be required to provide a greater and
more rapid thrombin burst, formation of a firm
fibrin plug and sustained haemostasis.

Clinical evaluation of a 300 pug kg™ dose of
rFVIIa showed that 95 of 114 (83.3%) bleeding
episodes responded to a single dose of rFVIla
treatment [23]. Studies comparing the effect of one
single dose of rFVIla 270 pg kg™' with rFVIla
3% 90 pg kg™' showed equivalence between the
two dosing regimens [6,12,13]. In the study by
Santagostino et al., both rFVIla 270 pg kg™' and
rFVIla 3 x 90 pg kg™ ' dosing schedules were equally
effective in controlling bleeding at 48 h when treat-
ment was initiated within 6 h of bleeding onset [13].
However, none of these studies assessed the rate of
re-bleeding. Re-bleeding and haemostatic product
consumption was the focus of a case report by
Cooper et al. [11]. The use of high-dose rFVIIa
(320 pg kg™') to control bleeding was not only
effective where other haemostatic regimens had
failed, but also led to a lowered frequency of
bleeding episodes per month and an overall reduc-
tion in rFVIIa consumption [11]. In the present series
of patients, a significantly lower amount of rFVIIa
was consumed by patients treated with a higher dose
of rFVIIa, confirming the findings of previously
published studies [23,24].

The results detailed in this paper indicate that
doses of <120 to >250 ug kg™ rFVIIa provide

© 2009 Blackwell Publishing Ltd

comparable efficacy if treatment is administered
within 2 h of the initiation of bleeding (Fig. 2a).
However, this study has also identified that when
treatment cannot be given within 2 h, the most
effective course of action is to initiate therapy with
high-dose rFVIIa. In this study, high-dose rFVIIa
provided the most effective control of bleeding
and reduced the need for multiple injections
(Fig. 2b).

The data presented also show HemoRec registry
data to fully confirm earlier reports, including
those of the similar Haemophilia & Thrombosis
Research Society (HTRS) registry, that use of
rFVIIa in a home treatment setting is safe, feasible
and effective at inducing and maintaining haemo-
stasis with a small number of doses [25,26]. The
HTRS reported that doses of rFVIla up to
346 pg kg™! were well tolerated and that doses of
>200 pg kg™! significantly increased the efficacy of
rFVIIa to 97% compared with 84% efficacy for
lower doses [25].

The analyses and results from the HemoRec
registry also show that no thromboembolic events
were associated with the use of rFVIIa at any
dose. Recent literature supports the good safety
profile of rFVIIa for the management of bleeding
episodes in haemophilia patients with inhibitors
using a single dose of rFVIla 270 pg kg™' [6,12].
rFVIIa has also been shown to be safe, well
tolerated and effective for patients undergoing
orthopaedic surgery [9,27] and in patients treated
prophylactically [28].

This paper underlines the important role a registry
can play in data collection, particularly in rare
diseases where patient numbers are limited. Registry
data have been extremely valuable in the manage-
ment of other rare bleeding disorders [29,30]. This
paper also demonstrates the value of a registry for
mapping the quality of treatment in a specific
region.

In conclusion, analysis of these registry data has
provided a unique insight into the bleeding patterns
of haemophilia patients with inhibitors treated with
rFVIla; highlighting the importance of early treat-
ment initiation and the use of an appropriate starting
dose.
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