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Abstract

Preventing haemarthroses and arthropathy is a major
challenge in patients with haemophilia and inhibitors, as
treatment options are limited. One potential strategy is
short-term episodic prophylaxis, which extends bypassing
agent therapy beyond the resolution of bleeding to
include the post-bleed inflammatory phase. At the 13%
Zirich Haemophilia Forum, an expert panel reviewed the
rationale behind this strategy, explored its current use with
recombinant activated factor VII (rFVIla) and considered
treatment monitoring and optimisation. Two protocols are
currently used for short-term episodic prophylaxis, both
of which stipulate on-demand rFVIla until resolution of
bleeding, followed by daily dosing for>3 days to prevent
re-bleeds. Short-term episodic prophylaxis should be
individualised to optimise outcomes, perhaps through
early treatment initiation or by combining rFVIla with
other treatments (e.g. factor VIII, tranexamic acid).
Encouraging treatment compliance can also improve
outcomes. Additionally, there is a need to develop
objective clinical outcome measures, biomarkers and
imaging protocols that can monitor treatment outcomes
and joint disease in patients with inhibitors. A proactive
approach incorporating a systematic package of care is
needed. Currently, short-term episodic prophylaxis with
rFVIIa may be an alternative treatment option to on-
demand treatment for patients with inhibitors.

Keywords: haemophilia, inhibitors, rFVIIa, short-term
episodic prophylaxis.

Introduction

Joint bleeds are the hallmark of severe haemophilia
and are associated with pain, reduced mobility and, when
they occur repeatedly into the same joint, irreversible

damage culminating in haemophilic arthropathy'.
This, in turn, lowers quality of life, increases the
risk of disability and makes the need for orthopaedic
intervention more likely'. Prevention of haemarthroses is
therefore a treatment priority, with the aim of preventing
joint damage and thus supporting the patient's physical
and social development®3.

For patients without inhibitors, prevention of joint bleeds
is achieved through prophylaxis with factor (F) VIII or
FIX concentrates (in haemophilia A and haemophilia
B, respectively), and this is now considered the
gold standard of haemophilia treatment*. Inhibitor
development, however, renders patients unresponsive
to factor replacement therapy and poses a number of
challenges. Patients with inhibitors face an increased
risk of recurrent haemarthroses® and treatment options
are limited; as a result, target joints, arthropathy and
permanent disability may ultimately develop®.

Immune tolerance induction (ITI) offers the chance
of permanent eradication of inhibitors. However, ITI
is not always successful or feasible; in addition, in all
cases, therapy with bypassing agents (recombinant
activated factor VII [rFVIIa]; NovoSeven®, Novo
Nordisk, Bagsverd, Denmark) or plasma-derived
activated prothrombin complex concentrates (pd-aPCC;
FEIBA®, Baxter BioScience, Vienna, Austria) is required
to control bleeding??. Although prophylaxis with
bypassing agents is a potential treatment option, they are
not licensed for this use in all countries, and bypassing
agents are most commonly given as an on-demand
treatment of acute bleeds. While on-demand therapy
resolves bleeding, it may not be sufficient to prevent or
delay the onset of haemophilic arthropathy?. Alternative
treatment strategies for patients with inhibitors are,
therefore, needed.
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While continuous secondary prophylaxis, which
aims to avoid repeated haemarthroses®, may be one
such alternative, prophylaxis with bypassing agents is
not as effective as prophylaxis with replacement factor
concentrates, and as patients' responses to such treatment
are heterogeneous and need to be balanced against the
additional treatment burden, secondary prophylaxis may
not meet the needs of all patients with inhibitors. The
cost of such treatment schedules may also be prohibitive,
particularly in developing countries.

Short-term episodic prophylaxis (also described as
enhanced on-demand or enhanced episodic treatment) using
bypassing agents extends the treatment of haemarthroses
beyond the resolution of bleeding to include the post-bleed
inflammatory phase. This approach offers a treatment
alternative for joint bleeds that may improve outcomes vs
standard on-demand treatment alone and aims to reduce
the frequency of joint bleeds. In April 2014, members
of the Ziirich Haemophilia Forum convened for its 13™
meeting to discuss the rationale behind short-term episodic
prophylaxis treatment. In particular, this expert panel
explored how commonly short-term episodic prophylaxis
with rFVIla is practised in patients with inhibitors and
considered strategies for optimising treatment and
monitoring outcomes. This article provides a summary of
the panel's consensus and discussions.

The rationale behind short-term episodic
prophylaxis
The burden of orthopaedic complications

The need for treatment alternatives for patients with
inhibitors was highlighted by the European Study on
Orthopaedic Status (ESOS), which found that the burden
of orthopaedic complications is greater in patients with
inhibitors than in their counterparts without®. In clinical
assessments of arthropathy, according to the Gilbert
classification (in which a lower score indicates better
joint function), patients with inhibitors had a significantly
worse overall mean joint score compared with patients
without inhibitors for all joints (15.4 vs 5.46; p<0.05) and
for all major joints (knees, ankles, elbows) (14.6 vs 5.27;
p<0.05)°. Similarly, radiological evaluation of joint status
using the Pettersson classification (again, a lower score
indicates better function) revealed significantly worse
scores in the major joints of patients with inhibitors (22.9
vs 8.0 in patients without inhibitors; p<0.05)°. Patients
with inhibitors also reported significantly more pain
(p<0.05) in all joints than patients without inhibitors, were
significantly more likely to require wheelchairs (p=0.009)
or some kind of walking aid (p=0.048), and were more
frequently hospitalised or absent from work or school®.

Similar results were found in the French Statut
Orthopédique des Patients Hémophiles avec Inhibiteur
(SOPHI) study, when assessing the orthopaedic

status and quality of life of haemophilic patients with
inhibitors’. Fifty haemophilic patients aged 12-63
years with a history of high-responding inhibitors were
included. Clinical assessment showed that only 12% of
the patients had a zero pain score and 2% a zero Gilbert
score. The mean Gilbert score was significantly higher
in patients over 35 years of age than in younger patients.
However, younger patients with inhibitors appeared to
have a more impaired orthopaedic status than patients
of similar age without inhibitors in previously published
cohorts. Remarkably, older patients with inhibitors
tended to have the best mental quality of life, contrasting
with their highly impaired orthopaedic condition and
physical quality of life.

A more recent study using the Functional
Independence Score in Haemophilia (FISH) confirmed
that inhibitor development significantly decreases
functional independence (as measured by eight domains
of activity covering self-care, transfer and mobility) in
patients with haemophilia (p=0.047)%. Taken together
with the results from the ESOS and SOPHI studies, these
findings confirm that the failure to prevent or resolve
joint bleeding leads to worse outcomes for patients with
inhibitors than for those without. This also confirms the
view that treatment for patients with inhibitors has been
less effective than standard haemophilia therapy to date.

The consequences of inadequate therapy are
particularly evident in older patients with inhibitors. In
the ESOS study, while the incidence of haemarthrosis
in all joints was similar between younger patients
(aged 14-35 years) with or without inhibitors using an
on-demand regimen during the 12-month study period
(12.3 vs 11.7), older patients with inhibitors (aged 36-65
years) had an approximately 50% lower incidence of
haemarthrosis in all joints (6.2) than younger patients
with inhibitors. This is most likely due to the presence
of fibrotic changes in association with advanced
arthropathy caused by inadequate treatment in the past®.

Haemophilic arthropathy

Repeated intra-articular bleeding causes damage
to the joint, eventually producing deformity and
joint dysfunction’® (Figure 1). The pathogenesis of
haemophilic arthropathy is multifactorial and includes
inflammatory synovium-mediated and degenerative
cartilage-mediated components’.

Deposition of iron within the synovium from repeated
intra-articular bleeds triggers synovial inflammation with
infiltration of the synovial membrane by lymphocytes,
monocytes and polymorphonuclear cells, resulting in
increased vascularity and synovial hypertrophy®!°. In
addition to its effects on the synovium, intra-articular
blood has a direct, harmful effect on the cartilage®!'.
Exposure of cartilage to blood inhibits turnover of
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Figure 1 - The cycle of haemarthrosis and haemophilic
arthropathy.

the extracellular matrix in which chondrocytes are
embedded, resulting in the breakdown and release of
matrix components, such as proteoglycans and collagen’.
This results in a loss of cartilage matrix and cartilage
destruction, possibly triggered by the formation of
destructive oxygen metabolites that cause chondrocyte
apoptosis’®. This direct cartilage damage may, in turn,
induce further inflammatory responses in the synovium?’.

These parallel processes of joint damage, which
resemble the degenerative processes found in
osteoarthritis and the inflammatory changes seen
in rheumatoid arthritis, may ultimately result in a
fibrotic and destroyed joint’. Of particular note for
patients with haemophilia, however, is the finding in
haemophilic mice that haemarthrosis also activates
the local synovial fibrinolytic system, thus increasing
functionally active plasmin. This makes the joint more
vulnerable to prolonged and subsequent bleeds'’. In
addition, canine and murine studies have shown that
blood-induced changes to the cartilage and synovium
persist long beyond the episode of haemarthrosis®!2. In
line with these findings, Manco-Johnson and colleagues
proposed that subclinical bleeding into joints may cause
further damage even in the absence of overt clinical
haemarthrosis'®. After a joint bleed, it is therefore
crucial to restore the synovium completely and to avoid
successive and subclinical bleeds.

What is short-term episodic prophylaxis?
Short-term episodic prophylaxis extends the
treatment of haemarthroses beyond resolution of the
bleeding to include the post-bleed inflammatory phase.
It begins immediately after the initial treatment of
acute joint bleeds with on-demand rFVIla therapy,
which is administered until haemostasis is achieved.
Following the initial resolution of a bleed, short-term
episodic prophylaxis is initiated with once-daily doses
of rFVIla for several days. The aim of this is to allow

for complete healing of the haemarthrosis aftermath,
prevent re-bleeding and delay the development of target
joints and consequent arthropathy.

Current protocols in use

While treatment guidelines from the World Federation
of Hemophilia advocate extending treatment beyond the
initial bleeding event for central nervous system bleeds in
patients with haemophilia'4, there are no such guidelines
for joint or other bleeds. Furthermore, many of the
treatment guidelines and definitions used in haemophilia
are not applicable to patients with inhibitors.

To the best of our knowledge, the first published
report on the use of an enhanced episodic treatment
protocol for acute bleeds was provided in 2007 by
Manco-Johnson and colleagues in their study, which
demonstrated the increased efficacy of prophylaxis vs
episodic treatment in the prevention of joint bleeds and
subsequent damage in patients with severe haemophilia
without inhibitors'®. The rationale behind enhanced
episodic treatment was to decrease inflammation and
prevent joint damage, and patients assigned to this
treatment received 40 IU/kg FVIII at the time of the
bleed, followed by 20 IU/kg at 24 and 72 hours after
the first dose!>.

Published data on the use of short-term episodic
prophylaxis in real-world practice are scarce. However,
in Spain, short-term episodic prophylaxis with rFVIla
has been used to treat bleeding episodes in patients with
haemophilia and inhibitors since 1997. Two protocols
are used: the Spanish Society of Thrombosis and
Haemostasis (SETH) protocol for patients with at least
one unaffected/minimally affected joint; and the La
Paz Centre modification (Madrid) for target joints'>-7,
modified on the basis of published findings, and the
experience of this centre, of the poorer response to
treatment observed for target joints'®!?. Both protocols
involve: (i) a first phase of treating the bleed with a single
dose of rFVIIa or repeated dosing until bleeding stops;
and (ii) a second phase to prevent re-bleeds, involving
once-daily rFVIIa dosing until synovial recovery is
complete (>3 days). While pd-aPCC could also be useful,
the use of rFVIla is preferred first-line, to avoid exposure
to FVIII contained in pd-aPCC which may trigger
anamnesis in patients who are candidates for ITI. Details
of each protocol are summarised in Table I; the main
treatment outcome to monitor for patients treated with
these regimens is the number of re-bleeds that occur®.

Optimising short-term episodic prophylaxis
Patient selection

While there is clearly a rationale for the use of short-term
episodic prophylaxis in patients with inhibitors, it is
crucial to decide how patients requiring such treatment
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Table I - Protocols for short-term episodic prophylaxis with rFVIla: SETH protocol and the La Paz Centre (Madrid) modification.

SETH protocol:
>1 unaffected/minimally affected joint

La Paz Centre (Madrid) modification:
target joints

To stop bleeding
until joint pain disappears (>3 doses)

To cover the synovitis phase
are completely recovered (>3 days)

Standard-dose rFVIIa (90-120 pg/kg) every 2 hours

rFVIla 90 pg/kg once daily until swelling and motion

First dose: rFVIIa 270 pg/kg

Second dose at 2 hours: rFVIla 180 pug/kg

Thereafter, rFVIIa 120 pg/kg every 2 hours until joint pain
is alleviated

rFVIIa 120 pg/kg once daily until swelling and motion
are completely recovered (>3 days)

rFVIIa: recombinant activated factor VII; SETH: the Spanish Society of Thrombosis and Haemostasis.

should be identified. The selection of patients for this
treatment could be determined by a high frequency
of bleeding; for example, patients with >12 joint
bleeds or at least one target joint bleed per year could
be considered eligible. Ultimately, however, the
question of which patients should receive short-term
episodic prophylaxis may have a simple answer: if a
patient does not respond to standard treatment, then
intensified treatment should be administered until
symptom resolution'’. Thus, improving quality of life
should ideally drive treatment decisions when selecting
patients.

Individualising short-term episodic prophylaxis

As for all treatment options in haemophilia, short-
term episodic prophylaxis should be individualised
to optimise outcomes. Several options for treatment
individualisation currently exist.

The timing of rFVIIa dosing may significantly
influence treatment outcome. Several studies have
shown that early (vs late) treatment is more effective
at controlling bleeds?'"*. In a retrospective review of
data from the HemoRec registry in the Czech Republic,
for example, the incidence of re-bleeding was more
than twice as high in patients who received rFVIla >2
hours after the onset of bleeding (13.7%) compared
with patients who received rFVIla <2 hours after bleed
onset (5.2%)*. Early treatment initiation also reduces
the number of doses required to control a bleed?!23,
On-demand treatment with an initial high dose of rFVIIa
(<270 pg/kg) also improves outcomes over standard
dosing, as shown by greater bleed cessation rates,
requirement for fewer doses and reduced overall rFVIla
consumption!%26:27,

Other methods of treatment individualisation
include sequential or combined therapy with rFVIla
and pd-aPCC. Concomitant infusion of rFVIla and
pd-aPCC may exert an additive or synergistic effect
on thrombin generation®®? and was shown to produce
good haemostatic efficacy in patients whose bleeds
were refractory to monotherapy with either agent®®*’.
However, extreme caution is required when considering
this approach as combined therapy with rFVIla and
pd-aPCC is not licensed, and there remains a potential

risk of thrombosis with parallel treatment®® and only very
few data are available to support this strategy.

Combining other therapies also offers an alternative
treatment option for short-term episodic prophylaxis.
For example, MC710 (a mixture of plasma-derived
FVIIa and FX) has provided favourable ex vivo results
in blood from patients with inhibitors, with significant
improvements in coagulation activity and thrombin
production vs the effects achieved by rFVIla and
pd-aPCC3'. While this suggests improved bypassing
activity, no clinical efficacy data are yet available.
Additionally, rFVIla therapy can be supplemented
by adding FVIII, which has been shown to potentiate
thrombin generation and may therefore optimise
haemostatic efficacy?®?. Adjunctive tranexamic
acid is commonly used with rFVIIa therapy as it
is inexpensive and does not carry a risk of side
effects, although it is difficult to assess its impact
on outcomes?®’. Finally, in our opinion, combining
cyclo-oxygenase-2 inhibitors with rFVIla treatment
has produced better outcomes than adjunctive FVIII
when used in synovectomy.

As a final note regarding treatment individualisation,
we believe that the treatment of patients with inhibitors is
often too passive and a more proactive approach would
be beneficial. Other techniques (such as physiotherapy,
joint aspiration, synoviorthesis, synovectomy and
joint replacement) could be considered as a means of
improving and preserving joint function. A systematic
package of care needs to be developed.

Encouraging treatment compliance

Compliance to preventive treatment regimens in
haemophilia is low across many age groups**. Barriers
to treatment compliance may be physical, such as
pain/discomfort with injections®, poor recognition
of (or fluctuation in/disappearance of) symptoms of
bleeding®-** and difficulties with venous access*.
There are also many potential psychosocial barriers to
compliance, including feelings of sadness, helplessness
or anger®; needle phobia and other treatment-related
fears®>3; lack of self-efficacy?®’; denial of problems;
traumatic childhood memories; lack of cooperation
from paediatric patients; and forgetfulness®**’. Finally,
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practical barriers include a busy lifestyle and family/
work commitments®>3#, time commitments necessitated
by treatment®-*¥, lack of privacy for patients in shared
accommodation, unmanageable treatment regimens and
financial concerns?®*3.

The challenge of overcoming barriers to compliance
requires a comprehensive care team, which should
include a social worker and/or a psychologist'.
Physical barriers can often be overcome by ensuring
good venous access (e.g. through insertion of a central
venous access device), and providing training to help
patients and parents recognise bleeds, manage home
treatment regimens and administer treatment®®. Proper
training can also ensure correct maintenance of venous
access lines and reduce the risk of infection and other
complications®. Finally, discomfort associated with
venipuncture can be minimised by pre-treatment
application of a topical anaesthetic cream?®.

It is essential that health-care providers also address
the psychosocial barriers to compliance®®*. A key area
for psychosocial support is the provision of psycho-
educational intervention, which can help to address
underlying issues (such as denial and needle phobia)
and build both parents' and patients' trust in the medical
team?*, Increasing a patient's self-efficacy is crucial as
well, especially during adolescence and the transition
to adulthood?®®. Peer support and encouragement is
also important, as it can remove feelings of isolation,
build self-esteem?® and increase self-efficacy. Patient
groups and associations provide valuable peer support,
and inhibitor patients should be encouraged to attend
patient/parent conferences. However, patient groups and
associations that do not have members with inhibitors
may be unaware of the associated challenges; it is,
therefore, crucial that patient groups increase their
understanding of the specific issues, problems and
challenges faced by patients with inhibitors.

Finally, reviewing the patient's treatment regimen
can ensure ease of use and thus reduce some of the
practical barriers to compliance. Providing home,
family and nursing support can help patients and
parents with the practical aspects of treatment
administration, support them through any associated
relationship issues and help them to maintain their
daily routine despite the time requirements imposed
by treatment. Any financial concerns should also be
addressed (e.g. assistance with grant applications
and insurance forms). Another key tool in enabling
patients with inhibitors to manage their treatment
better and become more autonomous is education of
patients and caregivers; patient-friendly education
can be particularly helpful in increasing patients'
understanding of the need for treatment intensification
even in the absence of symptoms®’.

Monitoring treatment and clinical outcomes

There is a need for clearly defined outcome measures
that can guide treatment in patients with haemophilia and
inhibitors. In these patients, clinical outcomes are closely
related to the patients' characteristics (e.g. bleeding
phenotype, joint status, age, lifestyle, previous response
to bypassing agents) and the treatment interventions used
(e.g. bypassing agent dose, other haemostatic agents
used, physiotherapy).

Clinical outcome measures

It is essential to develop an objective clinical
outcome measure that is able to detect and monitor
joint disease. In developing such a measure, it will
be crucial to regularly assess the joints to determine a
baseline measure of joint status so that clinicians can
know a joint's usual range of motion, discern whether a
particular joint is swollen and judge when on-demand
treatment can be discontinued. Review clinics should
be conducted regularly for patients with inhibitors to
enable the patients to be advised appropriately if their
joint status has deteriorated.

Treatment intensity and the duration of short-term
episodic prophylaxis can be tailored according to pre-
bleed joint status (e.g. target joint or well-preserved
joint). The intensity and duration of on-demand
therapy and short-term episodic prophylaxis may need
to be greater in children than in adults to prevent the
development of target joints.

Biomarkers to detect and monitor joint disease
in haemophilia

A major goal in haemophilia research is the discovery
of a biomarker to guide treatment or to be used as an
objective measure to indicate a pathogenic process, or the
pharmacological response to treatment. Several potential
biomarkers have been explored to date in haemophilia,
including enzymes, cytokines and chemokines, growth
factors and cellular constituents. Some data suggest that
a combination of commonly used serum and urinary
biomarkers correlates better with the severity of joint
damage in haemophilia than individual biomarkers
alone*. These results also demonstrate that haemophilic
arthropathy might be useful for the screening of newly
developed biomarkers of joint damage*.

When considering biomarkers of joint disease in
haemophilia, it is important to remember that markers
may not be specific to cartilage or the affected joint;
a change in expression related to the development of
joint disease may be too dilute to provide an alert signal
because of its greater overall expression in other tissues.
However, collagenous biomarkers have shown promise
in haemophilia, particularly type II collagen, as this is
relatively specific for articular collagen, makes up only
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1% of all collagen in the body and has a low turnover.
Finally, as there is considerable overlap between
candidate biomarkers for osteoarthritis and haemophilic
joint disease (e.g. tumour necrosis factor-alpha), it
will be important to monitor the progress of candidate
biomarkers for osteoarthritis in order not to miss any
important developments and potential new biomarkers
that may also be relevant to haemophilia.

Monitoring treatment using ultrasound

Imaging can be used in haemophilia to help achieve
the correct balance between under- and over-treatment
of joint bleeds. Ultrasonography is particularly
useful in this regard because, when compared with
other imaging techniques, it is relatively accessible,
repeatable and affordable. However, its disadvantages
include a limited field of view, inability to examine
intra-articular structures and lack of standardisation.
Ultrasonography is also highly operator-dependent,
with a long learning curve, and can be difficult for
physicians to interpret.

A simplified ultrasound scanning procedure and
additive scoring method, known as Haemophilia
Arthropathy Detection with Ultrasound (HEAD-US),
has been developed to evaluate the joints of patients
with haemophilic arthropathy*'. HEAD-US aims to
detect early signs of joint damage (in elbows, ankles,
and knees), while keeping the procedure quick and easy
to perform, and it may provide an objective assessment
tool to provide helpful joint status information to
complement that obtained using physical examination.
It may go some way towards meeting the need for a
more objective measure for use in clinical practice to
detect early joint disease, evaluate disease progression
and monitor treatment. Ultrasound examination may
also be useful in guiding orthopaedic procedures (e.g.
joint aspiration and synoviorthesis); however, its use in
these areas requires validation.

As ultrasound can be used frequently (weeks), it
may be the preferred imaging option to use for regular
treatment follow-up and monitoring the progress/
regress of a target joint in patients with inhibitors, but
has to be individualised to the specific joint and other
circumstances. Magnetic resonance imaging can be a
valuable tool for the longer term (years) follow-up of
such a joint.

Final considerations

A key goal in haemophilia treatment is to ensure
that patients with inhibitors have access to the same
treatment options as patients without inhibitors.
However, prophylaxis for patients with inhibitors is not
available in all countries and is currently less effective
than prophylaxis in patients without inhibitors. At

present, therefore, short-term episodic prophylaxis may
offer the best (and indeed only) treatment option for
patients with inhibitors. This is not a ”one size fits all”
approach: as with any haemophilia treatment, therapy
must be individualised to ensure the best outcome, and
optimal methods to monitor treatment and outcomes
must be determined. There also remains a need for
a bypassing agent that is more easily administered
and faster-acting, with a prolonged half-life to allow
prophylaxis for those patients in whom ITI fails to
eradicate the inhibitor.
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