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Summary. The effect of bypassing agents is not as
predictable as replacement therapy with the deficient
factor in inhibitor patients. Consequently, these
patients have more levels of arthropathy than
patients without inhibitors. Prophylaxis for inhibitor
patients has gained attention over the last decade and
some papers have reported that bypassing agents
could work in the prevention of arthropathy.
However, there is a lack data to support any specific
agent or regimen or even to recommend their use in
different clinical conditions. We report ten patients
with haemophilia A and inhibitors treated prophy-
lacticaly with bypassing agents (5 with FEIBA and 5
with NovoSeven). The variable conditioning the
choice of one agent or the other was the intention
to initiate of immune tolerance induction therapy
(ITI) in the future. In 8/10 patients (4 in FEIBA group

and 4 in rFVIIa group) there was a decrease of
bleeding episodes while 9/10 maintained or increased
their joint range of motion (ROM). In the rFVIIa
prophylaxis group, prophylaxis can be considered
primary since all of them had had less than one joint
bleed before prophylaxis. Economic analysis showed
that prophylaxis is an expensive treatment. In our
experience both agents seem to be safe and effective
in reducing the number of bleeds in patients with
inhibitors. The anamnestic response provoked by
FEIBA could be an issue while awaiting a decline in
titres before ITI can be initiated and so rFVIIa may
be the best option for prophylaxis in patients with
inhibitors who have not yet begun ITL
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Introduction

Patients with severe haemophilia present recurrent
haemorrhages, especially in joints, muscles and soft
tissues. Joint haemorrhage predisposes to recurrent
haemarthrosis, chronic synovitis and arthropathy.
Factor replacement is the mainstay therapy to
prevent and control this recurrent joint bleeding.
Prophylaxis with the deficient factor can prevent
joint damage and decrease the frequency of haem-
arthrosis and life-threatening haemorrhages [1].
The development of antibodies that inhibit or
neutralize replacement therapy with factor VIII
(FVII) or factor IX (FIX) is the most important
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complication in haemophilia and its treatment today.
Inhibitors occur in 20-30% of patients with severe
haemophilia A but in only 5% of patients with
haemophilia B [2,3]. Agents that ‘bypass’ the need for
FVII or FIX are the cornerstone in on-demand
treatment for acute bleeds: activated prothrombin
complex concentrates (aPCC; FEIBA, Baxter Biosci-
ence, Vienna, Austria) and NovoSeven, a recombi-
nant activated Factor VII (rFVIIa; Novo Nordisk,
Bagsvaerd, Denmark). However, their effect is not as
predictable as replacement therapy with the deficient
factor, thus the control of bleeding is more compli-
cated than in patients without inhibitors and conse-
quently the inhibitor patients have higher
arthropathy levels than patients without inhibitors
[4,5]. Therefore, in recent years interest is growing in
establishing the bypassing agent regimens that might
prevent bleeding in inhibitor patients in much the
same way that prophylaxis works in non-inhibitor
patients [3,6].
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However, there is limited data to support any
specific agent or regimen or to indicate what would
be the best to use in different clinical situations.

Recent emerging data suggest that prophylaxis
could be an effective and safe treatment for inhibitor
patients in different clinical settings while a waiting
antibody levels to decline, after inhibitor develop-
ment so ITI can be initiated, in patients who failed or
who not are candidates for ITI, and, finally, in
association with FVIII or FIX during ITI [6-20].

The effect of FEIBA may last longer than that of
NovoSeven, because targets in different sites in the
thrombin-inducing coagulation cascade inducing a
half-life thrombin generation within 4-7 h [21],
making the former a more suitable agent for
prophylaxis in patients with inhibitors. But FEIBA
contains residual FVIII antigen and may provoke an
anamnestic response in the inhibitor titre [22].

Several studies have reported that an inhibitor titre
of <10 Bethesda Units (BU) immediately before
initiating ITI positively affects both the likelihood
of success and the time required to achieve tolerance
[23-26]. Therefore, based on these considerations
the schedule for the future initiation of ITI in patients
with an inhibitor titre >10 BU could affect the choice
of agent. Cost issues about prophylaxis have hardly
been explored [23]. With this perspective, we
describe our global experience with the use of rFVIIa
and FEIBA as the sole agents for prophylaxis in
patients with haemophilia A and inhibitors.

Materials and methods

A retrospective study was conducted in our centre in
February 2008 to identify cases and analyse the
efficacy, cost and safety of bypassing agents as
prophylaxis for patients with haemophilia and
inhibitor. The audit covered all inhibitor patients
seen over the last 5 years and evaluated only treat-
ments of more than 4 months’ duration in which
bypassing agents were used as the only haemostatic
agent. The following clinical and demographic data
were collected from patient’s records: age at inhibitor
development, type and severity of haemophilia, peak
inhibitor titre, age at the start of prophylaxis,
prophylaxis agent and regimen, presence of central
venous catheter (CVC), duration of treatment and
reason for indicating prophylaxis.

The number of months before prophylaxis to be
analysed was the same as the number of months that
prophylaxis lasted except when prophylaxis had
lasted more than a year; in that case only the
12 months prior to prophylaxis were analysed for
bleeding episodes.
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Orthopaedic status was analysed collecting data
on range of motion (ROM) on 10 joints: ankles
(normal: dorsiflexion 20°, plantarflexion 50°), knees
(normal: flexion 140°, extension 0°), hips (normal:
flexion 120°, extension 20°), elbows (normal: flexion
140°, extension 0°) and shoulders (normal: flexion
160°, extension 40°). ROM was measured with a
goniometer expressed as degrees and collected from
the charts for the patient’s regular visits.

Safety was evaluated by the number of complica-
tions arising from the use of bypassing agents,
especially thromboembolisms and complications
associated with the use of CVC. The possible
anamnestic response by inhibitor titre was evaluated
by comparing inhibitor titre before and at the end of
prophylaxis.

The economic analysis has been done under a
hospital perspective, evaluating the cost of the factor
and the visit to the hospital and doctor. The total
cost of all factor regimens used (on-demand bypass-
ing agents, ITI, and on-demand or prophylactic
FVIII) and additional factor used to cover bleeding
episodes were included for both study periods: before
and during prophylaxis.

Results

Patient characteristics

Ten patients with severe haemophilia A and inhibitor
with FEIBA or NovoSeven as the only agent admin-
istered regularly for more than 4 months were
identified from haemophiliac patients treated in our
Hospital. Median age was 4 years old (range
1-31 years) and median duration for both groups
was 12 months (range 6-24 months) (Table 1).

The aim of prophylaxis in both groups was to
prevent or reduce bleeding complications and to slow
joint damage or prevent it entirely, in cases without
haemarthrosis. Patients under consideration for ITI
received rFVIla.

In 8/10 cases there was a reduction in the bleeding
pattern during prophylaxis compared with the situ-
ation before prophylaxis. The median number of
bleeding episodes per patient was 8.5 (3-19) before
prophylaxis and 3 (0-10) during prophylaxis
(Table 2).

FEIBA group

The median duration of prophylaxis was 13 months
(11-24 months) and median age at initiation of
prophylaxis was 11 years old (5-31 years) for
patients receiving FEIBA (Table 1). The median
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Table 1. Patient characteristics, regimens and duration of prophylaxis.

Age at Age at the
development Peak start of CVC during

inhibitor inhibitor  prophylaxis prophylaxis Duration

Patient (months) titre (BU) (years) (complications) Regimen (months)
1 10 297 19 Yes (No) FEIBA 50 U kg™' 3 times week ' 22
2 11 55 6 Yes (No) FEIBA 50 U kg™' 3 times week ™' 24
3 36 2048 31 No FEIBA 50 U kg™' 48 h™! 11
4 1 256 7 Yes (no) FEIBA 50 U kg 48 h™! 13
N 60 2230 11 Yes (infection) FEIBA 50 U kg 48 h™' 11
6 25 440 2 Yes (malfunctioning, infection) rFVIla 90 pg kg™! day™ 22
7 2 78 2 Yes (No) rFVIIa 90 pg kg™ day™! 6
8 34 115 2 Yes (infection) rFVIla 100 pg kg™ day™! 9
9 18 11 1 Yes (no) rFVIla 100 pg kg™! day™ 8
10 12 2048 4 Yes (no) rFVIIa 90 pg kg™* day™* 19

BU, Bethesda Units; CVC, central venous catheter.

Table 2. Bleeding pattern and ROM before and after prophylaxis.

Bleeds and ROM before prophylaxis

Bleeds and ROM during prophylaxis

Agent of Other Other
Patient prophylaxis Joint Muscle bleed ROM Joint Muscle  bleed ROM
1 F 14 2 3 Right knee: flex: 130° ext 20° 19 1 2 Maintained
Left knee: flex normal ext 20°
2 F 10 0 4 Right knee: flex 95° ext 50° 5 0 1 Right knee:
flex 125° ext 20°
3 F 4 2 2 Right knee: flex: 120° ext 20° 1 0 0 Maintained
Left knee: flex 130 ext 30°
Right elbow: flex 100° ext 10°
4 F 6 2 1 Right ankle dorsiflex 3 2 0 Normal
10° plantarflex 10°
N F 4 S 6 Normal 1 2 1 Normal
6 N 0 0 5 Normal 0 0 2 Normal
7 N 0 1 3 Normal 0 0 0 Normal
8 N 1 1 2 Normal 0 0 1 Normal
9 N 1 0 2 Right elbow: 0 0 0 Normal
flex 90° ext 20°
10 N 1 0 9 Normal 4 0 1 Right knee: flex 75° ext 10

ROM, range of movement (extension-flexion); ext, extension; flex, flexion; dorsiflex, dorsiflexion; plantarflex, plantaflexion; F, FEIBA;

N, NovoSeven.

number of bleeds per patient prior to prophylaxis
was 14 (8-19) and during prophylaxis 5 (1-22)
(Table 2). The number of bleeding episodes
decreased in four out of five patients (patients 2, 3,
4 and 5). The total number of bleeding episodes
increased in only one patient (patient 1), he had
more joint bleeds but fewer bleeds in muscle and
other tissues during prophylaxis than before.
Orthopaedic status before FEIBA prophylaxis was:
three patients (numbers 1-3) had an important joint
arthropathy with different target joints (Table 2).
Patient 4 had a less extensive arthropathy with only
one target joint (right ankle) and patient 5, despite
an important joint bleeding pattern, started prophy-
laxis without a target joint. At the end of prophylaxis
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two patients showed an improvement in ROM
(patients 2 and 4) and three patients (1, 3 and §)
had the same ROM as before. Despite the increase in
the number of joint bleeds during prophylaxis, ROM
was similar in patient 1 to his level before prophy-
laxis. None of the patients had life-threatening bleeds
during prophylaxis.

The median cost per patient per month was
€59,398 (€31,495-110,687) prior to prophylaxis
and €27,144 (€11,928-44,456) during prophylaxis
(Table 3). In patients 1-3, the cost of prophylaxis
was less than their previous on-demand treatment
(mean cost per patient per month prior to prophy-
laxis was €63,632 vs. €31,974 per month for
prophylaxis in these three patients). In patients 4
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Table 3. Cost of treatment and inhibitor titre before and during prophylaxis.

Cost prior to

Cost of prophylaxis Inhibitor titre Inhibitor titre at

Agent of Treatment Schedule prophylaxis + bleeding treatment  at the initiation of the end of
Patient  prophylaxis before prophylaxis (euros per month)  (euros per month) prophylaxis (BU)  prophylaxis (BU)
1 F On-demand bypass agents 110 687 39 494 0.6 3.4
2 F On-demand FEIBA 31495 11 928 9.9 3.9
3 F On-demand FEIBA 48 715 44 500 2048 1802
4 F ITI + On-demand 88 063 27 144 166 15
bypass agents
5 F ITI+ On-demand 59 398 27 144 140 230
bypass agents
6 N On-demand FVIII 2094 24 404 440 8.8
7 N ITI + on-demand rFVIIa 49 486 23 544 78 10
8 N On-demand FVIII 6588 19 794 115 Ongoing (11)
9 N On-demand FVIII 5044 29 588 11 <0.6
+ Prophylaxis FVIII
10 N ITI + short (4 months) 62 062 26 432 210 16

FEIBA prophylaxis
+on-demand bypassing
agents

F, Feiba; N, NovoSeven; BU, Bethesda Units.

and 5, the cost of prophylaxis was less than ITI
associated to bypassing agent treatment (mean cost
per patient per month prior to prophylaxis was
€73,730 vs. €25,774 during prophylaxis).

NovoSeven group

The median treatment duration in this group was
9 months (6-22 months) with a median age of
2 years (1-4 years) (Table 1). The median number
of bleeds per patient prior to rFVIIa prophylaxis was
4 (3-10) and during prophylaxis 1 (0-5). In all cases,
the total number of bleeds was lower during rFVIla
prophylaxis than before. Patient 10 had more joint
bleeds because he developed a target joint (right
knee), and, like patient 1, his total number of bleed
episodes was lower than before prophylaxis
(Table 2).

In three patients (cases 6, 8 and 9) prophylaxis
with rFVIla was started after inhibitors developed.

In another two patients (patients 7 and 10)
prophylaxis was started after ITI had failed and in
order to reduce bleeds before initiating a second ITI
protocol associated to immunosuppression.

Orthopaedic status (ROM) remained normal in
three patients (patients 6-8), improved in one case
(patient 9) but worsened in one (patient 10)
(Table 2).

Patients 6 and 7 had not had any joint bleed before
beginning prophylaxis and patients 8—10 had only
had one joint bleed, all of five had had less than one
haemarthrosis and a normal orthopaedic status when
they began ITI. None of the patients had life-
threatening bleeds during prophylaxis.
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The median cost per patient per month prior to
prophylaxis was €6588 (€2,094-62,062) and
€23,544 (€19,794-29,588) during prophylaxis
(Table 3). In patients 7 and 10, the cost of prophy-
laxis was less than their previous treatment of ITI
plus on-demand bypassing agents (mean cost of per
patient per month prior to prophylaxis was €55,774
vs. €23,544 per month for prophylaxis). In patients
6, 8 and 9 the cost of prophylaxis was more
expensive than their prior FVIII treatment (mean
cost per patient per month prior to prophylaxis
€4,575 vs. €24,028 per month during prophylaxis).

Adverse events

No thromboembolic complications were detected in
any patient. Patient 6 was treated with rFVIIa, and
had difficulty in withdrawing blood from the port on
one occasion, which was related to a mechanical
problem with the port rather than a thrombotic
complication. Nine patients had CVC, one-third
(patients 5, 6 and 8) had port-a-cath infection and
it was only necessary to replace the port-a-cath in
patient 6.

Two patients in the FEIBA group showed an
increase in their inhibitor titre after beginning
prophylaxis (patients 1 and 5) (Table 3). None of
the rFVIIa patients showed increased inhibitor titre
with prophylaxis.

Discussion
Prophylaxis with FVIII has recently been shown to be

more effective than episodic therapy in reducing the
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incidence of joint haemorrhages and lowering the
risk of joint damage in boys with severe haemophilia
[1,27-29].

Inhibitor patients with an acute bleeding problem
do not always respond satisfactorily to treatment
with bypass agents [30]. Consequently, inhibitor
patients have higher levels of arthropathy and greater
difficulties with mobility and daily activities due to
pain [4].

The use of prophylaxis for inhibitor patients has
gained much interest in the last decade and some
reports have supported the idea that bypassing agents
could work to help prevent chronic haemophilic
arthropathy in the same way as do FVII/IX in
haemophiliacs without inhibitors [6,7,17,19]. How-
ever, there are some concerns about efficacy, adverse
events and cost and thus the justification for
prophylaxis may be even more difficult for patients
with inhibitors.

FEIBA has been used in more than 70 haemophil-
iac patients with inhibitors in different clinical
situations [8,13-15,17,31-34]. There is a wide var-
iation in dose (23-100 TU) and frequency (two times
per day to one week administration). The duration of
treatment can be as long as 12 years. No adverse
thromboembolic event has ever been published, and
the decrease in the number of bleeding complications
reported has dropped by 53 as much as 83% [8,13-
15,17,31-34].

The aim of prophylaxis in our FEIBA cases was to
reduce or prevent bleeding complications in patients
in whom ITT had failed or who were not candidates.
The FEIBA group were older than the rFVIla group,
and three FEIBA patients already had an important
arthropathy with different target joints. In 4/5
patients there was a reduction in the bleeding pattern
and one had overall, more bleeding episodes because
he had more haemarthroses. This decrease in the
number of bleeding complications was accompanied
by sustained ROM in three patients and an improve-
ment in the other two. The economic analysis in
three patients showed that prophylaxis could be
cheaper than on-demand bypassing treatment.

rFVIla prophylaxis has been reported in nearly 45
patients with haemophilia and inhibitors [7,9—
12,16,19,20], of these, 22 were included in a
randomized, double-blind study and received pro-
phylactic therapy with 90 or 270 ug kg™ rFVIIa
once a day for 3 months. This study, by Konkle et al.
[7], is the first prospective clinical trial evaluating
secondary prophylaxis in patients with haemophilia
and inhibitors. As compared to the preprophylaxis
period, the frequency of bleeding episodes was
reduced by 45% at the 90 pg kg™ dose and by
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59% at the 270 pg kg™ dose and this difference
between doses was no significant.

The aim of prophylaxis in our rFVIIa cases was to
prevent or reduce bleeding complications in patients
who were candidates for ITI. The five patients
receiving rFVIIa prophylaxis were younger than the
FEIBA group, and had not had more than one
previous haemarthrosis, if that. Three of them had
started the rFVIla prophylaxis after developing
inhibitors and while waiting for inhibitor levels to
decline so they could start ITI. In these three patients
there was a decrease in the number of bleeding
complications and ROM improved in one, and
remained the same in the other two. Something that
must be underlined is that prophylaxis allowed these
three patients to start ITI with less than one joint
bleed and a normal ROM, just as they would have if
they did not have inhibitors and primary prophylaxis
had been possible.

The other two patients initiated rFVIla prophy-
laxis after ITI failure and before another ITT with
immunosuppression. One had had no prior joint
bleeds and maintained his orthopaedic status. Nev-
ertheless, one patient developed a target joint in the
right knee during prophylaxis and his joint bleeds
increased despite a reduction in the overall bleeding.
Prophylaxis can be considered primary since all of
them had had less than one joint bleed before starting
prophylaxis.

The cost derived from prophylaxis is more expen-
sive than the prior therapy with FVIII but cheaper
than a prior ITL. So, despite an important economic
cost, rFVIIa allowed 4/5 patients to start a first or
second ITT with less than one haemarthrosis and a
normal orthopaedic status.

The incidence of serious adverse events associated
with the use of both bypassing agent is very low in
patients with haemophilia and inhibitor [35,36]. In
our experience there have been no thrombotic
complications although three patients had a port-
a-cath infection.

Our report here has a few caveats. First, our case
number is relatively low and a short follow-up for
most of them. Second, this report is retrospective,
which could affect the accuracy of the data collected.
Additionally, two of our patients had not vyet
developed any joint bleed prior to the initiation of
prophylaxis. The age at first joint bleed is reported to
range from 0.2 to 5.8 years with a median at
1.8 years [37] and given our patients’ phenotype,
they would not have had any joint bleeds until later.

In conclusion, our experience suggests that FEIBA
and NovoSeven seem to be close in terms of efficacy
and safety in decreasing the frequency of bleeding

Haemophilia (2008), 1-7
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episodes in patients with haemophilia and inhibitors.
The anamnestic response provoked by FEIBA could
be an issue while awaiting a decline in inhibitor titres
before initiating ITI, so rFVIIa would be the best
option for prophylaxis in these patients and would
allow some of them to start ITI with a low number of
haemarthroses [23]. Although there is an obviously
important cost associated to prophylaxis, it has been
pointed out by authors like Leissinger [17], that if
prophylaxis is initiated early, costs may be similar to
those associated with repeated bleeds, hospitaliza-
tions, and surgeries in older, larger patients with
inhibitors who have joint damage.

Further studies are needed to evaluate the benefits
for the orthopaedic outcome of early interventions
like primary prophylaxis in patients with inhibitors.
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