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Summary. Development of inhibitors is a severe
complication of haemophilia posing many manage-
ment challenges. While a long-term goal in inhibitor
patients is eradication of inhibitors through immune
tolerance induction, bypassing agents such as
recombinant activated factor VII (rFVIIa) and
activated prothrombin complex concentrate (aPCC)
are essential for control of bleeding episodes. Paedi-
atric patients with haemophilia and inhibitors are at
particular risk of recurrent haemarthroses, and
management of these patients should seek to avoid
joint damage and support the child’s full social and
physical development. Current options for manage-
ment of bleeding complications include on-demand
treatment of acute bleeding episodes, secondary
prophylaxis to avoid recurrent bleeds and surgery
to treat affected joints. There is also a rationale for

adopting prophylactic approaches to prevent bleed-
ing in inhibitor patients, allowing this group similar
opportunities for protection against arthropathy
development as are given to non-inhibitor patients.
This paper, based on a roundtable meeting of
haematology experts at the first Ziirich Haemopbhilia
Forum in May 2008, reviews the current evi-
dence supporting more intense and prophylactic
approaches to manage bleeding risk in paediatric
haemophilia patients with inhibitors, and highlights
the need for investigations of primary prophylaxis in
this vulnerable patient group, to support best long-
term outcome.
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Introduction

Management of the rare, inherited bleeding disorder
of haemophilia characterized by the deficiency of
either factor VIII (FVIII) (haemophilia A) or factor
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IX (FIX) (haemophilia B), requires life-long replace-
ment treatment with clotting factor concentrates [1].
The development of neutralizing antibodies (inhibi-
tors) to factor replacement therapy is, therefore, a
serious complication of haemophilia treatment, com-
promising on effective management of haemorrhage
and resulting in an increased risk of disability [2].
Factors thought to be important in inhibitor forma-
tion include genetics, challenges to the immune
system and other environmental influences [3]. It is
known that treatment-related determinants may
have a relevant impact on inhibitor development.
In haemophilia A, it has been reported that exposure
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to FVIII therapy very early in life may be linked to
subsequent inhibitor development [4], and recent
studies have shown that early and intensive FVIII
treatment is associated with an increased inhibitor
risk, while early initiation of FVIII prophylaxis may
reduce the risk of developing inhibitors [3,5]. It
should, however, be noted that age alone is not
thought to impact on inhibitor development, as the
association with age largely disappeared after adjust-
ment for treatment intensity in the CANAL study [5].

It is estimated that 30% or more of children with
severe haemophilia A and around 2-5% of patients
with severe haemophilia B are at risk of developing
inhibitors [6,7]. Inhibitors may be diagnosed during
routine patient surveillance or may come to light as a
result of a bleeding episode that responds poorly to
standard dose replacement therapy.

While the ideal would be to predict and prevent
the development of inhibitors in the very young child
[6], the current reality is that the day-to-day
management of patients with high-titre inhibitors
continues to pose a number of clinical challenges. All
patients with inhibitors, and children in particular,
face the threat of severe bleeding complications such
as limb- or life-threatening bleeds, and are at risk of
developing target joints and progressive arthropathy
that may lead to permanent disability [6,8].

The European Study on Orthopaedic Status of
haemophilia patients with Inhibitors (ESOS study
[9]) has provided useful insights into the clinical
burden posed by inhibitor development by demon-
strating quantitatively that these patients have more
orthopaedic complications and a lower quality of life
than haemophilia patients without inhibitors. For
example, 16% of inhibitor patients aged 14-35 years
were hospitalized for orthopaedic procedures
compared with only 4% of non-inhibitor patients.
This study has shown that a significantly greater
proportion of patients with inhibitors suffer joint
pain and reduced mobility, with a greater require-
ment for walking aids, than non-inhibitor haemo-
philia patients. Radiological evidence also highlights
the higher burden of joint damage in young patients
with inhibitors compared with young non-inhibitor
patients [9].

Once high-titre inhibitors develop in a child with
haemophilia, current therapeutic approaches include
treatment with bypassing agents to control acute
bleeding episodes [10], immune tolerance induction
(ITI) treatment to eradicate inhibitors and restore
responsiveness to replacement therapy [11,12] and
strategies aimed at arthropathy prevention.

The overview presented in this paper is based on the
deliberations of an expert forum of haematologists
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involved in haemophilia care. The first Ziirich
Haemophilia Forum, held in May 2008, focussed
particularly on the management and unmet clinical
needs of haemophilic children with inhibitors. The
authors provide a summary of the evidence that
supports current clinical approaches to the manage-
ment of children with haemophilia and inhibitors, and
highlight some of the current treatment gaps and
unmet needs in the management of these patients.

Current management options for children with
inhibitors

Permanent eradication of inhibitors is the ultimate
goal and this can be achieved by means of ITI in 60—
80% of children with inhibitors [11]. However,
clinical management may be problematic during the
time interval required to achieve ITI success and in
cases of failure. Furthermore, ITI is not viewed as a
viable option for patient management in many
countries, owing to its high cost and the availability
of factor concentrate, as well as the potential for
central venous access issues and psychological stress
on patients and their families for this highly demand-
ing treatment [11,13,14]. Despite efforts to imple-
ment ITI to restore the efficacy of replacement
therapy, a sizeable minority of haemophilia patients
(~20%) will have life-long inhibitors [15].

Nevertheless, all children with haemophilia who
develop high-responding inhibitors (historical peak
titre >5 Bethesda units [BU] mL™') should be
considered for ITI, and current advice in many
centres, at least in cases with low bleeding tendency,
is that initiation of ITI should be deferred until
inhibitor titre has decreased to below 10 BU mL™"
[11,16,17]. Although there have been several estab-
lished protocols developed over recent decades, the
optimal schedule for ITI in terms of clinical efficacy
is yet to be determined [11,18].

When a paediatric patient develops inhibitors, the
key aims of management are similar to those for any
child with haemophilia. Management aims to treat
acute bleeding episodes promptly, to manage
complications, to prevent recurrent bleeds and to
conserve or restore joint function. The overall goal is
to support a child’s healthy development favouring
full integration into a normal social life. In order to
achieve this, inhibitor patients should have access to
the same treatment options as non-inhibitor patients.

There is an increased acceptance that recombinant
factor concentrates should be the treatment of choice
in children with haemophilia whenever possible
[1,17]. Treatment options for children with haemo-
philia and inhibitors include on-demand therapy
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with bypassing agents, recombinant activated factor
VII (rFVIla; NovoSeven®; Novo Nordisk, Bagsvaerd,
Denmark) or plasma-derived activated prothrombin
complex concentrate (aPCC; FEIBA®; Baxter Bio-
science, Vienna, Austria) [16], and—in patients with
very low inhibitor titres—high-dose replacement
therapy with FVIII concentrates [16,19]. Prevention
of recurrent bleeds may be targeted by using
bypassing agents according to secondary prophylaxis
regimens [20,21]. Surgery may be required to treat
affected joints [22].

This paper considers evidence and unanswered
issues concerning each of these options, and how
these management options could be integrated with
plans for ITI.

On-demand treatment of acute bleeding episodes
with bypassing agents

Prompt infusion of bypassing agents, on demand, in
the home setting, allows treatment of haemorrhages
at early onset, reducing the incidence of complica-
tions and improving the quality of life [17].

On-demand treatment of acute bleeds with either
rFVIIa or aPCC has been widely practised [13,23-
27]. The literature includes papers that provide
guidance on how to use on-demand therapy in a
systematic fashion in order to optimize outcome in
patients with inhibitors [10], but the need for well-
designed comparative studies remains in order to
optimize the use of by-passing agents [13].

Nevertheless, the ESOS study [9] showed that,
despite a similar number of bleeds, young patients
with inhibitors have worsened joint scores and poor
quality of life when compared with non-inhibitor
patients of similar age, suggesting that current on-
demand approaches for the management of bleeding
episodes in inhibitor patients are either not effective
enough or not intensive enough.

Alternative strategies: early intense on-demand
therapy with bypassing agents

Early and intense on-demand therapy has been used
in inhibitor patients to relieve pain promptly and
achieve bleeding control with a reduced number of
infusions. These clinical benefits have been reported
in studies of single-dose rFVIIa [24,28,29]. Recent
evidence to support the observation that intensity of
treatment influences the time to success, comes from
registry data on haemophilia patients with inhibitors
in the Czech Republic [30; Peter Salaj, unpublished
data]. While patient numbers are small, this national
registry suggests that use of high single doses of
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rFVIla (>250 ug kg™') is more successful in achieving
bleeding control than repeated standard dosing.
Additionally, early infusion of rFVIla was a key
determinant of treatment success and bleeds treated
later than 2 h after onset required more rFVIla
infusions (Peter Salaj, unpublished data).

More studies are needed, particularly in the
paediatric population, in order to determine the
most effective strategy to ensure rapid resolution of
bleeds and minimization of the risk of rebleeding and
bleeding-related joint damage.

Prophylaxis: emerging role in inhibitor patients

Rationale:  experience in non-inhibitor  patients
Prophylaxis with FVIII or FIX is the recommended
mode of treatment for acute bleeds in haemophilia
patients without inhibitors, reducing the occurrence
of bleeds and slowing the rate of joint destruction
[31]. Indeed, a report of 25 years’ experience using
FVIII or FIX prophylaxis in 60 non-inhibitor patients
in Sweden suggests that this approach reduces bleed-
ing frequency, pain, incidence of arthropathy, emer-
gency visits, hospitalizations and absenteeism, while
also improving patients’ physical function, capacity
for self-care and quality of life [32]. Similarly, the
benefits of prophylactic treatment have also been
reported in 38 children with severe haemophilia
without inhibitors in the UK, in terms of a decrease in
the number of joint bleeds, low clinical joint scores
and improved quality of life [33].

More recently, a randomized study in 60 boys with
severe haemophilia A compared FVIII prophylaxis
with enhanced on-demand treatment with at least
three FVIII doses (minimum total dose for
on-demand treatment of 80 IU kg™ [40 TU kg™" at
the time of joint haemorrhage and 20 IU kg™' at
24 h and 72 h after the first dose]). This study found
that by the age of 6 years, 93% of boys on
prophylaxis showed normal index-joint structure
on magnetic resonance imaging, compared with
55% of boys treated on demand [34]. Prophylaxis
treatment also significantly reduced the mean annual
number of joint haemorrhages per participant vs.
on-demand treatment (mean = standard deviation
0.63 = 1.35 and 4.89 = 3.57, respectively; P <
0.001). This study, therefore, demonstrates that
through prevention of acute bleeds it is possible to
avoid long-term joint damage in children with severe
haemophilia. In addition, a recent publication by an
expert panel states that the studies available to date
on prophylaxis in patients without inhibitors do offer
a hope that extrapolation may be feasible to patients
with inhibitors [35].
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The issue of how best to provide prophylaxis in
children with haemophilia is a current topic of
debate that requires further study and closer defini-
tion [18]. The European Paediatric Network for
Haemophilia Management (PedNet) has proposed
that primary prophylaxis is regular continuous ther-
apy initiated before a patient reaches 2 years of age,
with the treatment started after the first joint bleed or
given to an individual with no previous joint bleeds.
Secondary prophylaxis describes regular continuous
(long-term) therapy initiated in a patient aged
>2 years or in an individual who has experienced
>2 joint bleeds. Secondary prophylaxis can also
include intermittent regular (short-term) treatment
administered as a result of frequent bleeds.

Prophylaxis in inbibitor patients The advantages of
prophylactic approaches to bleeding control, which
have been demonstrated in haemophilia patients
without inhibitors, are likely to apply to patients
with inhibitors. However, definitions of primary and
secondary prophylaxis in inhibitor patients, and in
particular in children with inhibitors, may need to be
revised taking into account the age at inhibitor
development.

Nevertheless, there is growing experience from
clinical practice to support a prophylactic approach
to the management of bleeding risk in patients with
inhibitors [36,37]. Retrospective data have suggested
that prophylaxis with aPCC (50-75 U kg™ three
times weekly in four patients; one patient received
100 U kg™ daily) may be a viable option for
reducing the number of bleeding episodes and
preventing joint damage or its progression in inhib-
itor patients, when instituted early, before significant
joint damage has occurred [21]. To date, the liter-
ature on prophylaxis in inhibitor patients is still
limited and evidence for this approach in children is
scarce. As such, the dosing and frequency of bypass-
ing agents needed to provide protection against
bleeds is still being debated. For example, it has
been suggested that aPCC can be given at doses of
50-100 U kg™" every other day [36], and the best
prophylactic dose of rFVIIa to use in children with
inhibitors remains to be determined. Clinical expe-
rience from European centres managing inhibitor
patients using prophylactic rFVIIa has also identified
wide variation in administered doses, ranging from
200 to 250 pg kg™ per week to up to 220 pg kg™
per day, with many patients given doses of rFVIla
that were less than the recommended on-demand
dose of rFVIIa [38].

The potential benefits of prophylaxis vs. on-
demand therapy were highlighted in a pan-European
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study of health outcomes in over 1000 haemophilia
patients with or without inhibitors [39]. Multiple
regression analyses found that patients managed with
on-demand therapy had, on an average, 5.15 more
joint bleeds over a 6-month period than patients
treated with prophylaxis, with benefits being more
marked in younger patients. While the study
excluded patients undergoing ITL, 15% of the patient
cohort described were subjects with inhibitors who
did receive prophylaxis with either rFVIIa or aPCC.
In general, these agents have been used at different
doses and according to different schedules (rFVIIa
90-270 pg kg™! or aPCC 80-100 U kg™! given twice
daily [for aPCC only], daily, every other day or three-
times weekly); so optimal treatment regimens for
prophylaxis still need to be established.

Proof of concept: benefits of rFVIla secondary
prophylaxis in inhibitor patients A recent study of
secondary prophylaxis in patients with inhibitors has
provided key clinical data on the potential benefits of
preventing bleeding episodes using rFVIIa. In this
randomized, uncontrolled trial of rFVIIa prophylaxis
in 22 patients with inhibitors (median age 15.7 years
[range: 5.1-56.1]), the effects of either rFVIIa 90 or
270 pg kg™' administered daily for 3 months were
evaluated over a 9-month study period [20]. Bleeding
frequency during active prophylaxis was compared
with that seen in a 3-month pre-prophylaxis period
of on-demand treatment and in a 3-month postpro-
phylaxis follow-up period of on-demand treatment.
The frequency of bleeds was reduced by 45% and
59% during prophylaxis with rFVIIla 90 and
270 pg kg™' doses, respectively (P < 0.0001), vs.
prior on-demand therapy. The benefits of prophy-
laxis were most pronounced for spontaneous joint
bleeds, although all types of bleeds assessed were
reduced (including muscle, soft-tissue, traumatic
bleeds). It was noted that a relevant reduction in
the bleeding frequency was maintained during the
postprophylaxis period. rFVIIa prophylaxis was well
tolerated and there were no reports of thrombo-
embolic complications [20].

A further analysis of this key proof-of-concept
study reported that rFVIIa prophylaxis more than
halved the need for hospitalization vs. on-demand
therapy  during the preprophylaxis period
(P = 0.0026) [40]. Absenteeism from school/work
also fell significantly (P = 0.0127); the median
number of days absent from work or school
decreased from 18.5 days (19%) in the prepro-
phylaxis period to 4.5 days (5%) during prophylaxis,
and remained lowered at 8.5 days (11%) in the post-
prophylaxis period. These benefits of prophylaxis
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were also recorded as improvements in objectively
measured health-related quality of life [40].

Unanswered questions: a focus on paediatric
patients with inhibitors

For the future, potential therapeutic innovations that
might change haemophilia management and the
outlook for children with inhibitors include the
development of genetically modified FVIII derivatives
and new routes for drug administration. Advances
such as the development of room temperature stable
rFVIIa [41] and therapeutic enhancements to rFVIIa
derivatives will allow less frequent dosing. Through
innovative research and well-planned clinical studies,
it should be possible to determine the optimal
approaches to managing and controlling bleeds in
children with haemophilia and inhibitors.

The results of the rFVIIa secondary prophylaxis
trial [20] strongly support further investigation of
prophylactic approaches to management of haemo-
philia patients with inhibitors. As observed in non-
inhibitor patients, there are concerns that secondary
prophylaxis may not be as effective as true primary
prophylaxis in preventing arthropathy in inhibitor
patients.

Irreversible joint damage may have already
occurred when secondary prophylaxis is adopted
because joint bleeds are already recurrent. In this
setting, the child’s performance and quality of life
may already have suffered. Primary prophylaxis
could potentially avoid these situations and allow
more children with inhibitors to be spared target
joint damage.

It would be important to evaluate the role for
prophylactic therapy from the onset of inhibitors in
order to determine whether an early preventive
strategy can both reduce the frequency of bleeding
episodes and have an impact on long-term joint
status in children.

Research is needed to provide answers to a number
of questions on prophylactic use of bypassing agents
when an inhibitor has developed:

1. Should prophylactic therapy be started at the onset
of inhibitors?

2. Should prophylaxis be continued during ITI?

3. What is the best treatment regimen for optimal
prophylaxis?

4. How should we best manage the issue of adequate
venous access to deliver treatment?

5. What is the cost and cost-benefit of prophylaxis?

6. What are the potential drawbacks of prophylaxis?

There is a need for scientific debate and study on
how best to protect patients against bleeds before
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and during ITI. There is a rationale for prophylaxis
using bypassing agents before and during ITI—to
improve patient quality of life and to avert major
haemorrhage. Such approaches may help restrict the
potential for joint damage and allow children to
function well enough to continue with their school-
ing, education and social activities.

The ideal clinical study should allow comparison
of the long-term efficacy and safety of bypassing
agents when used in a primary prophylactic regimen
compared with on-demand therapy in young chil-
dren who develop high-responding inhibitors and
who are candidates for ITL In this way, the effects
of both prophylaxis and on-demand treatment
could be evaluated in the pre-ITI stage, during ITI
and until restoration of therapeutic response to
FVIII. Measures of efficacy should include assess-
ment of the bleeding frequency and joint status
during the follow-up period. This controlled study
could provide much-needed information on key
aspects of children’s function and quality of life,
adherence to therapy and costs of different treat-
ment regimens.
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