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This chapter describes inhibitor formation, one of the most
serious complications in hemophilia treatment, and provides
key definitions and guidance on inhibitor screening, testing,
and treatment. The management of hemophilia A inhibitors
and hemophilia B inhibitors is discussed separately given the
differences in inhibitor incidence and treatment.

All recommendations on product use in this chapter are
made under the assumption that a specific product is available
in a particular country, region, or healthcare system.

8.1 | Introduction

 “Inhibitors” in hemophilia are IgG alloantibodies to
exogenous clotting factor VIII (FVIII) or factor IX (FIX)
that neutralize the function of infused clotting factor
concentrates (CECs)." Inhibitors are detected and quantified
by the Nijmegen-modified Bethesda assay.

o The presence of a new inhibitor should be suspected in
any patient with hemophilia who fails to respond clinically
to CFC replacement therapy, particularly in previously
responsive patients. (See 8.2 Inhibitor screening, below.)

o Inhibitors are more frequently encountered in patients
with severe disease than in those with moderate or
mild hemophilia, and more commonly in patients with
hemophilia A than in those with hemophilia B. Controlling

bleeds is a greater challenge in hemophilia patients with
inhibitors than in those without inhibitors. Inhibitors to
FVIII or FIX are associated with a higher disease burden,
including increased risk of musculoskeletal complications,
pain, physical limitations, and treatment challenges, all of
which may impact a patient’s physical functioning, capacity
for physical activities, and quality of life.

o Inaddition, the immune response to FVIII and FIX products
is poorly understood and, in the absence of evidence, there
remain areas of evolving and sometimes ambiguous or
conflicting information on inhibitor management.

o Furthermore, while new therapies and strategies for inhibitor
treatment and eradication are emerging that may offer
benefits, the long-term clinical outcomes remain unknown.

« Significant differences exist between hemophilia A and
hemophilia B regarding inhibitor incidence, management,
and response to immune tolerance induction (ITT) and
alternative hemostatic agents. Therefore, in this chapter,
hemophilia A inhibitors and hemophilia B inhibitors are
discussed separately.

Patient/caregiver education

» Ongoing patient and family caregiver education and
psychosocial support are essential components of the
management of hemophilia patients with inhibitors given
the complexity and challenges of this serious complication. It
is vital for clinicians, patients, caregivers, and the hemophilia
treatment centre team to maintain good communication
through a well-coordinated plan of care.
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8.2 | Inhibitor screening

Inhibitors are measured by the Bethesda assay or the
Nijmegen-modified Bethesda assay.”*

The definition of a positive inhibitor is a Bethesda titer of
>0.6 Bethesda units (BU) for FVIII and >0.3 BU for FIX.»*
Inhibitor measurement may be performed during
replacement therapy by assays utilizing heat treatment
techniques.® (See Chapter 3: Laboratory Diagnosis and
Monitoring — Coagulation laboratory testing — Inhibitor
testing.)

A low-responding inhibitor is an inhibitor <5.0 BU, whereas
a high-responding inhibitor is an inhibitor >5.0 BU.
Low-responding inhibitors tend to be transient; a transient
inhibitor is defined as a positive inhibitor that drops
below the definition threshold within 6 months of initial
documentation without any change in treatment regimen
and despite antigenic challenge with CFCs.! A suspected
inhibitor should be confirmed by repeat laboratory testing,
documenting poor factor recovery and/or shortened half-
life (%) of less than 6 hours in hemophilia A (in the case of
standard half-life FVIII CFCs®) and 9 hours in hemophilia
B (in the case of standard half-life FIX CFCs).”
High-responding inhibitors tend to be persistent and may
fall or become undetectable after a long period without
CFC exposure; however, they increase 3-5 days after re-
challenge with CFCs (anamnestic response).®

It is critical to detect inhibitors early to ensure appropriate
treatment. At least half of inhibitor cases are detected

TABLE 8-1 Indications for inhibitor testing

e After initial factor exposure

e After intensive factor exposure, e.g., daily exposure

for more than 5 days?.15

e For recurrent bleeds or target joint bleeds, despite

adequate CFC replacement therapy?.12-14

e For failure to respond to adequate CFC replacement

therapy?.12.14

e For lower than expected factor recovery or half-life

after CFC replacement therapy?.12-14

¢ For suboptimal clinical or laboratory response to CFC

replacement therapy?

¢ Before surgery!7.11

e For suboptimal post-operative response to CFC

replacement therapy?.12-14

Abbreviation: CFC, clotting factor concentrate.

by routine inhibitor screening after initial exposures
to CFCs, while the rest are detected after there is poor
clinical response to CFC replacement therapy (i.e., when
factor recovery and/or half-life are not as expected) when
treating or preventing a bleed.”

Inhibitor testing should be performed before major surgery
and if there is suboptimal response to CFC replacement
therapy in the post-operative period”'>'!; and in any
patient who fails to respond to adequate CFC replacement
therapy after past responsiveness.”'*** (See Table 8-1.)
It is particularly important to perform routine inhibitor
screening during the time of greatest risk for inhibitor
development, at least every 6-12 months after CFC
replacement therapy is initiated, and annually thereafter.
While some advocate more frequent screening,® this
remains controversial with few data to support the benefit
of this approach.

Screening should be performed in any patient, regardless
of age or disease severity, who is intensively treated (i.e.,

715 and within 4 weeks

for more than 5 consecutive days)
of the last infusion.

See also 8.3 Hemophilia A and FVIII inhibitors — Inhibitor
incidence and 8.4 Hemophilia B and FIX inhibitors -
Inhibitor incidence, below; and Chapter 3: Laboratory
Diagnosis and Monitoring — Coagulation laboratory

testing — Inhibitor testing.

RECOMMENDATION 8.2.1:

For patients with newly diagnosed hemophilia A, the
WEFH recommends regular inhibitor screening at least
every 6-12 months, and then annually.

REMARK: In general, more frequent screening should
be considered for recurrent bleeds or target joints that
occur despite standard factor replacement.
REMARK: This recommendation places greater value
on early inhibitor diagnosis in patients with severe
hemophilia and late diagnosis in adulthood in patients
with less severe disease, such as after intensive exposure
to clotting factor concentrate, for example after surgery.
REMARK: The requirement for frequent blood draws
was considered in relationship to the potential morbidity
of uncontrolled or life-threatening bleeds.

RECOMMENDATION 8.2.2:

For patients with hemophilia A who receive clotting
factor concentrate for more than 5 consecutive days,
the WFH suggests inhibitor screening within 4 weeks
of the last infusion.



RECOMMENDATION 8.2.3:

o For patients with hemophilia A who have poor or no
response to adequate clotting factor replacement therapy,
or who have lower than expected factor recovery or
half-life, the WFH suggests inhibitor screening.

RECOMMENDATION 8.2.4:

o For patients with hemophilia A who undergo surgery;,
the WFH suggests inhibitor screening preoperatively
in order to determine if an inhibitor is present which, if
present, may require non-FVIII-containing therapy.

RECOMMENDATION 8.2.5:

o For patients with newly diagnosed hemophilia B, the
WFH recommends regular inhibitor screening at least
every 6-12 months, and then annually.

o REMARK: In general, more frequent inhibitor screening
should be considered when recurrent bleeds or target
joints occur despite adequate factor replacement.

o REMARK: Because inhibitor incidence is much lower
in hemophilia B than in hemophilia A, experience and
evidence are limited.

o REMARK: This recommendation places greater value
on early inhibitor diagnosis to avoid uncontrolled
bleeds and bleeding complications. The requirement
for frequent blood draws was considered in relationship
to the potential morbidity of uncontrolled or life-
threatening bleeds.

RECOMMENDATION 8.2.6:

« For patients with hemophilia B who are treated with
clotting factor concentrate for more than 5 consecutive
days, the WFH suggests inhibitor screening within 4
weeks of the last infusion.

RECOMMENDATION 8.2.7:

o For patients with hemophilia B who fail to respond to
adequate clotting factor replacement therapy or who
have lower than expected factor recovery or half-life,
the WFH suggests inhibitor screening.

RECOMMENDATION 8.2.8:

o For patients with hemophilia B who develop an allergic
reaction to FIX therapy, including anaphylaxis or
nephrotic syndrome, the WFH suggests inhibitor
screening to determine if an inhibitor is present.
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RECOMMENDATION 8.2.9:

o For patients with severe hemophilia B who undergo
major surgery, the WFH suggests preoperative inhibitor
screening.

8.3 | Hemophilia A and FVIII inhibitors

Genetic and environmental risk factors

o Inhibitors are more frequently encountered in persons
with severe hemophilia A than in those with moderate
or mild forms of the disease.

o Other risk factors for inhibitor formation in hemophilia
A include family history of inhibitors, black African
ancestry, Hispanic ancestry, genetic variants such as
type of mutation and polymorphic immune regulatory
genes, and high-intensity factor exposure (e.g., intensive
CFC replacement therapy for a severe early bleed, central
nervous system bleed, surgery, or trauma).*>*!1214-20
(See Table 8-2.)

 Product type (i.e., plasma-derived FVIII CFCs with or
without von Willebrand factor or recombinant FVIII
CFCs) may contribute to inhibitor risk in hemophilia A
patients; however, this is not well understood and remains
controversial.>'®?!

Inhibitor incidence

« Inhibitory antibodies develop with a cumulative incidence
of approximately 30% among previously untreated patients
with hemophilia A,'**? of which 79% occur within the first
20 exposures and the remainder, 21%, within the first 75
exposures.”> An exposure is defined as any 24-hour period
in which a FVIII/FIX-containing product is given."*

o Inhibitor rates vary by study and may be underestimated
in studies in which not all subjects are previously untreated

patients (PUPs) and in whom follow-up is incomplete.’

TABLE 8-2 Potential risk factors for inhibitors

o Race?10.15
e Family history?10.15
¢ Genotype, immune regulatory genes?:16.17.20,25

¢ Hemophilia severity?10.12.14.19.25

CFC replacement intensity?12.14-16,18,20

o CFC typet/ 1621

Abbreviation: CFC, clotting factor concentrate.
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o The incidence of inhibitors in mild and moderate
hemophilia A patients is 5%-10%, lower than in those
with severe hemophilia. These inhibitors typically occur
at an older age and often after intensive FVIII exposure,
e.g., for surgery or severe bleeds.'>** In most cases, these
are low-responding inhibitors; high-responding inhibitors
are less common in such patients.**

o Most cases of mild and moderate hemophilia A are caused
by missense mutations, which in general are associated
with a low rate of inhibitor development, although there
are a few exceptions.”

Disease burden

o Children and adults with persistent FVIII inhibitors typically
have higher rates of hospitalization,>® greater treatment
costs,'” and higher mortality rates than those without
inhibitors.?® Development of new non-factor replacement
therapies may reduce this burden in the future.

o Bleeding manifestations in mild and moderate hemophilia A
patients with inhibitors are predominantly mucocutaneous,
urogenital, and gastrointestinal bleeding, reminiscent of
bleeding symptoms in patients with acquired hemophilia
A (due to autoantibodies to FVIII)."” Consequently, the
risk of severe complications or even death from serious
bleeding may still be significant in these patients. The
mortality rate among mild and moderate hemophilia A
patients with inhibitors is reported to be five times greater
than among those without inhibitors.*

o Despite the availability of non-factor replacement therapies
for hemophilia patients who develop inhibitors, there has
been a consensus that patients with inhibitors should
undergo a trial of ITI, when possible, in order to eradicate
the inhibitor.”’

o The availability of non-factor replacement therapies (e.g.,
emicizumab) that are effective in bleed prevention in

patients with FVIII inhibitors has raised questions about
whether such agents should be used before, during, after,
or in place of ITI. This remains controversial, however, as
there are insufficient data to resolve this question.

Management of bleeding

o Management of bleeding in hemophilia patients with
inhibitors must be carried out in consultation with a
hemophilia treatment centre and staff experienced in
inhibitor treatment.”*® (See Table 8-3.)

o Choice of treatment product should be based on inhibitor
titer, clinical response to the product, site and nature of
the bleed,”** and product availability by country.

RECOMMENDATION 8.3.1:

o For patients with hemophilia A and FVIII inhibitors
who develop an acute bleed, the WFH recommends
that treatment be based on whether the inhibitor is
low-responding or high-responding.

Therapeutic options for FVIII inhibitor patients

CFC replacement therapy

« For low-responding inhibitors, FVIII CFC replacement
therapy is preferred for acute bleeds if measurable factor
levels are achieved.”***° Careful monitoring for clinical
efficacy is needed, as higher doses may be required to
achieve hemostasis.

o In the absence of a rational and validated dosing algorithm,
the following formula is used to estimate the amount of
FVIII needed as a loading dose to neutralize the inhibitor®":
- [body weight (kg) x 80 x [(1 — hematocrit)

x antibody titer (BU)]

 An additional 50 IU/kg above the calculated loading dose

is added to achieve a measurable FVIII activity.**

TABLE 8-3 Treatment of acute bleeds in hemophilia A patients with inhibitors

Hemophilia A

Low-responding inhibitors

Agent o FVII3ta

High-responding inhibitors
e rFVila or aPCC334047.b or FV[|[39<

Monitoring e FVIII activity (FVIII:C) assay e Thromboelastography or thrombin generation assay#é.

Abbreviations: aPCC, activated prothrombin complex concentrate; FVIII, factor VIII; FVII:C, FVIII activity; rFVIla, recombinant activated factor Vlla.
aWill require higher, more frequent dosing if half-life is shortened.

bIn patients on emicizumab prophylaxis, aPCC should be avoided or used with caution at lower doses because of the thrombotic microangiopathy
risk (black box warning). Caution is also urged when rFVlla is used in patients on emicizumab who have risk factors for thrombosis because of
risk of myocardial infarction or pulmonary embolism.

<In patients with high-responding inhibitors with a currently low inhibitor titer, FVIIl may be considered, with close monitoring for an anamnestic
response.

dThe thrombin generation assay is not state-of-the-art monitoring and is unavailable in most laboratories, but increasingly being used to assess
response.



FVIII levels should be measured 15 minutes after
completion of the bolus, and adjustment to reach target
levels is necessary because there is substantial individual
variation.”!

For high-responding inhibitors, bypass agent therapy
(recombinant activated factor VIIa [rFVIIa] or activated
prothrombin complex concentrate [aPCC]) or porcine
FVIII should be used to treat bleeds.

RECOMMENDATION 8.3.2:

For patients with hemophilia A and inhibitors who have
acute bleeds, the WFH recommends FVIII concentrate
for those with low-responding inhibitors, and a bypassing
agent (recombinant factor VIIa [rFVIIa] or activated
prothrombin complex concentrate [aPCC]) for those
with high-responding inhibitors.

REMARK: In those receiving non-factor therapy for
prophylaxis (e.g., emicizumab), the WFH prefers
rFVIIa over aPCC because of the risk of thrombotic
microangiopathy when aPCC is used with emicizumab.
REMARK: In patients receiving emicizumab who receive
FVIII concentrate, the WFH recommends bovine reagent
chromogenic FVIII assays (bovine FX in kit reagent) to
measure plasma FVIII:C activity and inhibitor titer levels.
REMARK: Caution is urged when rFVIIa is used in
patients receiving emicizumab who have risk factors
for thrombosis (e.g., past venous thromboembolism,
obesity, smoking, chronic infection, inflammation) due
to the risk of acute non-ST segment elevation myocardial
infarction (non-STEMI) and pulmonary embolism.

For patients with high-responding inhibitors whose titers
have fallen to undetectable or low levels, standard FVIII
CFC replacement may be used in an emergency for up to
3-5 days, at more frequent dosing due to the shorter half-
life, until an anamnestic response occurs. When the latter
occurs, further treatment with FVIII CFCs is typically no

longer effective,”*

and bypass agent therapy is needed.
This underscores the need for close FVIII monitoring.

The factor substitution therapy, emicizumab, is increasingly
used to prevent hemorrhage in FVIII inhibitor patients.***
This agent is effective for preventing bleeds (prophylaxis)
in hemophilia A inhibitor patients but is not indicated
for treating bleeds. Thus, breakthrough bleeds require
treatment with FVIII CFCs (for low-responding inhibitors)
as described above, or hemostatic bypassing agents
(for high-responding inhibitors), as described below.

Conventional bypassing agents include rFVIIa and aPCC,

Chapter 8: Inhibitors to Clotting Factor

which have been shown to be effective as prophylaxis®***

and for treatment of bleeds.

Conventional hemostatic bypassing agents

o Treatment with bypassing agents typically consists of
one dose of aPCC or two doses of rFVIIa. The efficacy of
two doses of rFVIIa (90-270 ug/kg) or one dose of aPCC
(75-85 unit/kg) is comparable in the management of joint
bleeding.*® Notably, however, some patients may respond
better to one agent than the other, highlighting the need
to individualize therapy.’**° (See Table 8-3.)

» However, if hemostasis is unsatisfactory with rFVIIa or
aPCC as single agents, each may be alternated every 6
hours.?”*® (See Table 8-4.)

« Combination/sequential bypass agent treatment should be
used only in treatment centres with extensive experience
in managing hemophilia patients with inhibitors; close
monitoring for thrombosis and disseminated intravascular
coagulation is required.

o Itis estimated that aPCC leads to an anamnestic response
in approximately 30% of patients with FVIII inhibitors
due to the presence of FVIII in aPCC.*

o While rFVIIa or aPCC may be used to treat bleeds in
both hemophilia A and B patients with inhibitors, there
has been concern about using aPCC, which contains FIX,
in patients with FIX inhibitors who manifest anaphylaxis
to FIX. This, however, is not an issue for patients with
FVIII inhibitors.

o Caution: Thrombosis or thrombotic microangiopathy
may occur in patients receiving emicizumab who are also
receiving aPCC.***° Thus, aPCC should be avoided in
patients on emicizumab except in patients unresponsive
to rFVIIa or when rFVTIIa is unavailable, and with aPCC
dosing not above 50 IU/kg and no more than 100 IU/kg
total per day.

RECOMMENDATION 8.3.3:

o For patients with hemophilia A and low-responding
inhibitors who develop an acute bleed, the WFH
recommends a FVIIIcontaining product or, if the
hemostatic response is poor, the WFH recommends
rFVIIa or aPCC. For those receiving emicizumab
prophylaxis who develop an acute bleed, the WFH
prefers rFVIIa over aPCC to avoid the risk of thrombotic
microangiopathy.

o« REMARK: Caution is urged when rFVIIa is used in
patients receiving emicizumab who have risk factors for
thrombosis (e.g., past venous thromboembolism, obesity,
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TABLE 8-4 Sequential bypass agent therapy
alternating rFVlla and aPCC37

6:00 AM 90 pg/kg rFVlla
9:00 AM 50 U/kg aPCC
12:00 PM 90 pg/kg rFVlla
3:00 PM 50 U/kg aPCC
6:00 PM 90 pg/kg rFVila
9:00 PM 50 U/kg aPCC
12:00 AM 90 pg/kg rFVlla
3:00 AM 50 U/kg aPCC
6:00 AM 90 pg/kg rFVlla

Abbreviations: aPCC, activated prothrombin complex concentrate;
rFVlla, recombinant factor Vlla.

smoking, chronic infection, inflammation) due to the
risk of acute non-STEMI and pulmonary embolism.
REMARK: The WFH recommends bovine reagent-based
chromogenic FVIII assays (bovine FX in kit reagent)
to measure plasma FVIII:C activity and inhibitor titer
levels.

RECOMMENDATION 8.3.4:

For patients with hemophilia A and high-responding
FVIII inhibitors receiving emicizumab who develop
an acute bleed, the WFH prefers rFVIIa over aPCC to
avoid the risk of thrombotic microangiopathy.
REMARK: Caution is urged when rFVIIa is used in
patients receiving emicizumab who have risk factors
for thrombosis (e.g., past venous thromboembolism,
obesity, smoking, chronic infection, inflammation)
due to the risk of arterial thromboembolism, e.g., acute
non-STEMI and pulmonary embolism.

REMARK: The WFH recommends bovine reagent-based
chromogenic FVIII assays (bovine FX in kit reagent)
to measure plasma FVIII:C activity and inhibitor titer
levels.

Emicizumab

The factor substitution therapy, emicizumab, a bispecific
monoclonal antibody and FVIII mimic, has been licensed
for bleed prevention in patients with hemophilia A with
and without inhibitors. Patients on emicizumab who
experience breakthrough bleeds require episodic treatment
with FVIII CFCs or with hemostatic bypassing agents, as
described above.

Several phase 3 clinical trials and post-marketing experience
have shown that emicizumab is effective prophylaxis in
adults and children with inhibitors.’>*'"** As emicizumab
is injected subcutaneously every 1, 2, or 4 weeks, the
burden of prophylaxis is much less than with bypassing
agents. Emicizumab reduces morbidity, complications,
and hospitalization, and is cost-effective.*'

Prophylaxis dosing with emicizumab consists of an
induction period of 3.0 mg/kg/week for 4 weeks by
subcutaneous injection. This is followed thereafter by
1.5 mg/kg/week or alternative dosing schedules including
3 mg/kg every 2 weeks or 6 mg/kg every 4 weeks.*"**
As emicizumab interferes with the measurement of FVIIL:C
and FVIII inhibitors using the one-stage FVIII assay, a
specific chromogenic assay using bovine reagents is used
to detect inhibitors to FVIIL*>*¢

RECOMMENDATION 8.3.5:

For patients with hemophilia A and inhibitors who
receive emicizumab, the WFH recommends bovine
chromogenic assays (bovine FX in kit reagent) to monitor
inhibitor levels.

Close monitoring of clinical response to emicizumab and
laboratory monitoring of inhibitor titer level is advised
with a chromogenic Bethesda assay using bovine reagents.
In patients receiving emicizumab who have risk factors for
thrombosis, e.g., past venous thromboembolism, obesity,
smoking, chronic infection, or inflammation, rFVIIa
should be used with caution due to the potential risk of
acute non-STEMI and pulmonary embolism.*’

RECOMMENDATION 8.3.6:

For patients with hemophilia A and inhibitors receiving
emicizumab, the WFH recommends close clinical
monitoring for thrombosis, adverse reactions, and
thrombotic microangiopathy.

REMARK: Caution is urged when rFVIIa is used in
patients receiving emicizumab who have risk factors
for thrombosis (e.g., past venous thromboembolism,
obesity, smoking, chronic infection, inflammation)
due to the risk of acute non-STEMI and pulmonary
embolism.

RECOMMENDATION 8.3.7:

As emicizumab is used to prevent, but not treat, acute
bleeds in patients with hemophilia A and inhibitors, the
WFH recommends clotting factor replacement therapy
for acute bleeds.



RECOMMENDATION 8.3.8:

For patients with hemophilia A and inhibitors
receiving emicizumab who have an acute bleed, the
WFH recommends clotting factor replacement therapy
including FVIII for those with low-responding inhibitors;
the WFH prefers rFVIIa over aPCC for those with
high-responding FVIII inhibitors due to the risk of
thrombotic microangiopathy.

REMARK: Caution is urged when rFVIIa is used in
patients receiving emicizumab who have risk factors
for thrombosis (e.g., past venous thromboembolism,
obesity, smoking, chronic infection, inflammation)
due to the risk of acute non-STEMI and pulmonary
embolism.

RECOMMENDATION 8.3.9:

For patients with hemophilia A and inhibitors receiving
emicizumab who have an acute bleed, the WFH prefers
rFVIla over aPCC, because of the risk of thrombotic
microangiopathy.

REMARK: The WFH suggests following black box
warnings for emicizumab and maintaining vigilance
as new evidence develops.

REMARK: Caution is urged when rFVIIa is used in
patients receiving emicizumab who have risk factors for
thrombosis (e.g., past venous thromboembolism, obesity,
smoking, chronic infection, inflammation) due to the
risk of acute non-STEMI and pulmonary embolism.
Thrombotic risks may last for up to 6 months during
which plasma levels of emicizumab may persist.

Therapies in clinical trials

Extended half-life rFVIIa may have a role in the management
of bleeds in hemophilia patients with inhibitors, although
investigations have been in vitro and early-phase clinical
trials.***°

Non-factor therapies such as fitusiran, an investigational
RNA interference agent that targets antithrombin (siRNA-
AT),* and tissue factor pathway inhibitors (anti-TFPI),*!
are in clinical trials on bleed prevention in patients with
inhibitors. These are not expected to be effective in episodic

treatment of bleeds.

Surgery and invasive procedures

Inhibitor testing of patients with hemophilia of all types of
severity is advised prior to surgery and invasive procedures.
Special precautions must be taken in hemophilia patients
with inhibitors undergoing surgery: factor coverage, bypass

Chapter 8: Inhibitors to Clotting Factor

agent treatment, and follow-up must be determined and
planned in advance.

« Close monitoring of clinical response to bypass agent
therapy is required, specifically monitoring for safety, i.e.,
thrombosis or consumptive coagulopathy.

 Once hemostasis is achieved and maintained on a selected
regimen for 3-5 days, these agents may be tapered over
1-3 weeks. However, it is recognized that the dose and
taper schedule must be individualized for each patient,
as variability exists in individual response to bypass agent
therapy.

 Adjusted-dose continuous infusion is another option
in surgery and invasive procedures, for which clearance
should be calculated every day with dose adjustment
accordingly.>?

« Combination/sequential bypass agent treatment should be
considered in those with poor response to one bypassing
agent. Sequential use (i.e., alternating rFVIIa and aPCC
every 3 hours) has been shown to improve efficacy over
single bypass agent therapy and allows for lower total daily
dose of aPCC,*”*® potentially reducing thrombotic risk.
Sequential regimens should be used only in treatment
centres with extensive experience in managing hemophilia
patients with inhibitors, with close monitoring for
thrombosis and disseminated intravascular coagulation.
(See Table 8-4.)

RECOMMENDATION 8.3.10:

o For patients with hemophilia A and low-responding
FVIII inhibitors who undergo surgery or an invasive
procedure, the WFH suggests higher, more frequent
FVIII product dosing than usual due to the short half-
life of FVIII.

« REMARK: The WFH also recognizes adjusted-dose
FVIII continuous infusion as an option.

RECOMMENDATION 8.3.11:

o For patients with hemophilia A and high-responding
FVIII inhibitors who undergo surgery or an invasive
procedure, the WFH recommends bypass agent therapy
(rFVIIa or aPCC) at the discretion of the clinician.
If single-agent bypass fails, sequential bypass agent
treatment, i.e., rFVIla alternating with aPCC, is another
therapeutic approach. The WFH also recommends close
clinical monitoring for thrombosis.

RECOMMENDATION 8.3.12:
o For patients with hemophilia A and inhibitors receiving
emicizumab who undergo major surgery or an invasive

113



114

WFH Guidelines for the Management of Hemophilia, 3rd edition

procedure, the WFH recommends a FVIII-containing
product for those with low-responding inhibitors. The
WEFH prefers rFVIla over aPCC for those with high-
responding inhibitors due to the risk of thrombotic
microangiopathy. The WFH makes no recommendations
on specific dose, frequency, or duration as there are
insufficient data.

REMARK: Caution is urged when rFVIIa is used in
patients receiving emicizumab who have risk factors
for thrombosis (e.g., past venous thromboembolism,
obesity, smoking, chronic infection, inflammation)
due to the risk of acute non-STEMI and pulmonary
embolism.

RECOMMENDATION 8.3.13:

For patients with hemophilia A and inhibitors receiving
emicizumab who undergo minor surgery or an invasive
procedure, the WFH recommends either low-dose or
no clotting factor replacement therapy.

REMARK: Caution is urged when rFVIIa is used in
patients receiving emicizumab who have risk factors
for thrombosis (e.g., past venous thromboembolism,
obesity, smoking, chronic infection, inflammation)
due to the risk of acute non-STEMI and pulmonary
embolism.

RECOMMENDATION 8.3.14:

For patients with hemophilia A and inhibitors receiving
emicizumab who undergo major surgery or an invasive
procedure, the WFH recommends close clinical
monitoring for thrombosis, consumptive coagulopathy,
or thrombotic microangiopathy.

RECOMMENDATION 8.3.15:

For patients with hemophilia A and inhibitors who use
bypass agent therapy, the WFH recommends clinical
monitoring and consideration for laboratory monitoring
with thrombin generation and other coagulation tests,
but more data are needed to recommend the latter.

Immune tolerance induction

Inhibitor eradication by immune tolerance induction
therapy is successful in 70%-80% of patients with severe
hemophilia A.>**

Response to ITT may be less favourable in patients with
moderate/ mild hemophilia A.”*”

RECOMMENDATION 8.3.16:

For patients with hemophilia A who develop persistent
low-responding inhibitors, the WFH suggests that
immune tolerance induction (ITI) be considered.

Successful ITT is defined as a persistently negative Bethesda
titer, accompanied by normal pharmacokinetics, including
factor recovery >66% and half-life >6 hours for standard
FVIII CFCs. Once successful ITI is achieved, FVIII
prophylaxis may be initiated or resumed.

There is general consensus that failure of ITT is the inability
to achieve successful tolerance within 2-3 years of initiation
of an ITI regimen.?”

RECOMMENDATION 8.3.17:

For patients with hemophilia A and persistent inhibitors
who fail immune tolerance induction (ITI) or never
underwent ITI, the WFH recommends emicizumab
prophylaxis over bypass agent prophylaxis (rFVIIa
or aPCC), as emicizumab is more effective in bleed
prevention and simpler to administer, as it is given
weekly and subcutaneously.

When to initiate I'TI has been a topic of debate. Registry
data from the 1990s and 2000s showed success was highest
when ITI was begun in patients with low inhibitor titers
(<10 BU). Thus, clinicians adopted a policy of waiting
to start ITT until inhibitor titers had fallen to <10 BU;
however, more recently, clinicians have begun to initiate
ITI immediately after inhibitor detection no matter the
titer, with good response.*®

The optimal regimen (product or dose) for ITI remains
to be defined. In the International ITI Trial, there was no
difference in efficacy between a low-dose/low-frequency
regimen (50 IU/kg FVIII 3 times weekly) and a high-dose/
high-frequency regimen (200 IU/kg daily), but the low-dose/
low-frequency regimen required a longer time to achieve
tolerance and more bleeds occurred during that period,
particularly in the first 3-6 months of ITI. For this reason,
the trial was stopped early,”” with subsequent clinician
preference for the high-dose/high-frequency regimen.
While on ITL if patients experience frequent bleeding,
bypass agent prophylaxis (rFVIIa, aPCC) or emicizumab
prophylaxis may be instituted. Emicizumab prophylaxis
has been associated with a significantly greater reduction
in bleeding rates than bypass agent prophylaxis.*®

It may be possible to delay or avoid ITT altogether with
emicizumab prophylaxis, given the very low bleeding rates
seen with this agent, but controversy continues and data



are scarce. (See “Therapeutic options for FVIII inhibitor
patients - Emicizumab” above.)

o Few data exist on the use of extended half-life factor
therapies or ancillary non-factor therapies for ITI.
Preliminary data from small case series and observational
studies have shown that extended half-life CFCs are
effective in some patients with inhibitors, including those
with high-responding inhibitors and those who have
previously failed ITT with standard half-life CFCs or were
never tolerized, and may shorten duration of ITL'7>**%°
Data from a small case series found FVIII 100 IU/kg
three times weekly plus emicizumab prophylaxis is safe
and associated with a decline in inhibitor titer.®* Larger,
randomized studies are needed to confirm these findings.

o Because ITI requires frequent infusions (up to once daily),
it generally requires good venous access. In young children
with small veins and/or poor access, a central venous access
device (CVAD) is usually required for ITI. However, CVAD
use is associated with complications such as infection
and/or thrombosis. For this reason, emicizumab, which
is administered subcutaneously and requires no IV access,
has been considered a simpler option than standard ITI
and, it may allow for lower dose/lower frequency FVIII
CEC infusions when used with ITI or instead of ITT,
although this is unproven. This remains controversial as
there are no data regarding inhibitor risk if episodic CFC
replacement therapy is required for breakthrough bleeds
during emicizumab prophylaxis.

o Whether emicizumab should be initiated before, during,
after, or instead of ITI is unknown,®” and answering this
question will require clinical trials. As emicizumab differs
biochemically from FVIII, many questions remain regarding
its long-term impact on joint pathology, immunogenicity,
and cost-effectiveness in non-inhibitor patients.

o Although there has been interest in the use of
immunosuppressive and immunomodulatory therapies
in hemophilia patients with inhibitors, the role of these
agents is not yet defined, and as there is no consensus
regarding these agents in the management of inhibitor
patients, clinical trials are needed.

FVIII prophylaxis after immune tolerance

induction

o After successful ITI in hemophilia A patients with inhibitors,
FVIII prophylaxis with close monitoring of clinical response
should be initiated.

o At least one extended half-life CFC, rFVIIIFc, has been
evaluated for its tolerogenic potential in the prevention
of inhibitor formation and in the induction of immune
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tolerance. At this time, data on the impact of extended

half-life therapies are limited.>****

Product switching

» While there is controversy regarding inhibitor development
in those switching CFC products, including rare case
reports, data from large studies indicate there is no evidence

supporting increased risk.***°

RECOMMENDATION 8.3.18:

o For patients with hemophilia A who switch to another
type or brand of factor product, the WFH has no
preference for the choice of specific type of therapy, as
current evidence indicates product switching does not
increase risk of inhibitor development.

o REMARK: The WFH encourages product choice based
on potential advantages, such as simpler administration,
safety, efficacy, and personal preferences.

o REMARK: The WFH supports prospective data collection
on inhibitor formation by product, particularly before
and after switching products.

RECOMMENDATION 8.3.19:

o For patients with severe hemophilia A and inhibitors,
the WFH recommends emicizumab over bypass agent
prophylaxis to reduce bleeding episodes, as emicizumab
appears to be superior to bypass prophylaxis.

8.4 | Hemophilia B and FIX inhibitors

Genetic and environmental risk factors

o FIX inhibitors are almost exclusively seen in patients with
severe hemophilia B and very rarely in the milder forms.*’

o Inhibitors in patients with severe hemophilia B are rare
and occur most commonly in those with null variants,
in which no endogenous clotting factor is produced, in
most cases due to large deletion, frame-shift, and nonsense
variants.®”®® There is no known ancestral predilection to
inhibitor development in hemophilia B.

o Inhibitor formation in hemophilia B is not thought to
be related to type of FIX CFC, and it has been reported
in those receiving plasma-derived and recombinant FIX
CECs alike.

Inhibitor incidence

o Inhibitor formation in patients with hemophilia B occurs

infrequently, with a cumulative incidence of up to 5%.°”°
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« The development of an FIX inhibitor is considered the
most serious complication in patients with hemophilia B,?
due not only to loss of response to FIX replacement, but
also to the associated risks of anaphylaxis and nephrotic
syndrome.®’

o Inhibitor detection in hemophilia B is similar to that
in hemophilia A, with most inhibitors occurring after
a median of 9-11 exposures, and before 20 exposures,
typically before 2 years of age.'®

o Treatment strategies for FIX inhibitors are similar to those
for FVIII inhibitors; specifically, they focus on controlling
hemostasis and eradicating the inhibitor.

o It is recommended that because of the severity of
complications, patients with hemophilia B should be
followed closely and screened for inhibitors every 6-12
months after initiating CFC replacement therapy, and
annually thereafter.

Disease burden

Anaphylaxis to FIX

o Inhibitor formation in patients with hemophilia B is overall
associated with a similar disease burden as in hemophilia
A but may also be associated with allergic reaction to FIX
CFCs. Anaphylaxis occurs in 50% of hemophilia B patients
with inhibitors,*® and more frequently in those with null
mutations. Such reactions may be the first symptom of
FIX inhibitor development.®’

 Newly diagnosed severe hemophilia B patients, particularly
those with a family history of severe hemophilia B with
inhibitors and/ or with genetic variants predisposing
to inhibitor development, should be treated in a clinic
or hospital setting capable of managing severe allergic
reactions for the initial 10-20 exposures to FIX CFCs, with
emergency equipment available to treat anaphylaxis.®’

Reactions may also occur later but may be less severe.**”*

RECOMMENDATION 8.4.1:

o For patients with hemophilia B who develop anaphylaxis
to FIX therapy, the WFH recommends screening for an
inhibitor to FIX, as an allergic reaction may be the first
sign of inhibitor development.

RECOMMENDATION 8.4.2:

o For patients with hemophilia B and a family history
of inhibitors or risk factors for inhibitor development,
the WFH recommends monitoring initial infusions in
a clinic or hospital setting capable of managing severe
allergic reactions.

RECOMMENDATION 8.4.3:

o For patients with hemophilia B who develop anaphylaxis
to FIX therapy, the WFH recommends screening for
nephrotic syndrome, as it is more common in FIX
inhibitor patients with allergic reactions to FIX.

RECOMMENDATION 8.4.4:

o For patients with hemophilia B and inhibitors and an
allergic reaction/anaphylaxis to FIX therapy, the WFH
recommends rFVIIa to treat acute bleeds but is against
use of aPCC as it contains FIX and may cause or worsen
an allergic reaction.

o REMARK: For patients with hemophilia B and inhibitors
and allergic reaction to FIX therapy, the WFH indicates
there are insufficient data to recommend desensitization
by small, repeated doses of FIX, intravenously or
subcutaneously, and recognizes that in some, this
approach may worsen an allergic reaction or cause
anaphylaxis. If undertaken, FIX desensitization should
be performed with caution and under close supervision
by experts only.

RECOMMENDATION 8.4.5:

o For patients with hemophilia B and inhibitors
who develop anaphylaxis to FIX therapy, the WFH
recommends bypass therapy with rFVIIa over aPCC,
as aPCC contains FIX and may cause or worsen an
allergic reaction.

Management of bleeding

« Management of bleeding in hemophilia patients with
inhibitors must be carried out in consultation with a
hemophilia treatment centre and staff experienced in
inhibitor treatment.”*®

o Treatment of bleeding in hemophilia B patients with
inhibitors should be individualized.®” Choice of treatment
product should be based on inhibitor titer, clinical response
to the product, previous infusion reactions, site and nature

of the bleed,”** and product availability by country.

RECOMMENDATION 8.4.6:

 For patients with hemophilia B and inhibitors who
develop an acute bleed, the WFH recommends treatment
based on whether the inhibitor is low-responding or
high-responding and whether there is a history of
allergic reactions.



Therapeutic options for patients with FIX
inhibitors

CFC replacement therapy

For those with low-responding inhibitors, specific FIX
CFC replacement therapy may be used if there is adequate
inhibitor neutralization to control bleeding. Because
allergic reactions and anaphylaxis may occur in up to
50% of hemophilia B patients with inhibitors,*® close
monitoring is essential.

RECOMMENDATION 8.4.7:

For patients with hemophilia B and low-responding
FIX inhibitors, the WFH recommends use of a FIX-
containing product to treat acute bleeds, as long as
there is no allergic reaction to FIX.

For hemophilia B patients with high-responding inhibitors
or those with low-responding inhibitors who develop
allergic reactions or anaphylaxis, the bypassing agent
rFVIla may be used to control bleeding. As aPCC contains
FIX, it may trigger or worsen an allergic or anaphylactic
response; for that reason, aPCC should be avoided in
hemophilia B patients. However, in the absence of such a
reaction, aPCC has shown similar efficacy in controlling
acute bleeding.””

RECOMMENDATION 8.4.8:

For patients with hemophilia B and high-responding
FIX inhibitors, the WFH prefers rFVIIa over aPCC to
treat acute bleeds, as aPCC contains FIX and may cause
or worsen an allergic reaction.

Conventional hemostatic bypassing agents

Alternative hemostatic agents for prevention of spontaneous
or traumatic bleeds (prophylaxis) in hemophilia B inhibitor
patients include rFVIIa, or, in the absence of an allergic/
anaphylactic reaction to FIX, aPCC.>**76%7273

Bypass agent prophylaxis in inhibitor patients is not as
effective nor as convenient as standard factor prophylaxis
is in patients without inhibitors.”

For hemostasis, bypass agent therapy with rFVIla constitutes
the standard approach. In general, aPCC may increase
risk of anaphylaxis because of FIX content and should be
avoided in those with hemophilia B inhibitors (see above).
Both agents are effective in treating 90% of musculoskeletal
bleeds and can be used in major and minor prophylaxis.**”*
(See Table 8-5.)
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As there are no reliable laboratory assays to monitor
bypass agent therapy, careful monitoring of hemoglobin
levels, blood loss, wound healing, and clinical response to
treatment is advised, including patient-reported outcomes
and subjective patient feedback.

RECOMMENDATION 8.4.9:

For patients with hemophilia B and inhibitors who use
bypass agent therapy, the WFH recommends clinical
monitoring and consideration for laboratory monitoring
with thrombin generation and other coagulation tests,
although more data are needed to recommend the
latter.

Therapies in clinical trials

Several emerging non-factor therapies are in clinical
trials for bleed prevention in hemophilia B patients with
inhibitors, including fitusiran (siRNA-AT3)*° and anti-
TFPL.>"7* These therapies may provide a less invasive
route and/or lower frequency of dosing and, if safe and
effective, may be adopted into use.

An extended half-life rFVIIa with in vitro hemostasis*® is
in early clinical trials for bleed prevention in patients with
hemophilia B and inhibitors.*” This therapy may reduce
the frequency of dosing and, if safe and effective, may be
adopted into use.*

Immune tolerance induction

Because inhibitor prevalence is low in hemophilia B,
experience with ITT is limited. The principles of treatment
are similar to those in hemophilia A, but the success rate
is lower, especially in patients with an allergic reaction
to FIX. The latter may require FIX desensitization before
attempting ITI, although few data are available regarding
the efficacy or safety of this approach.

Hemophilia B inhibitor patients with a history of severe
allergic reactions to FIX may develop nephrotic syndrome,
which may be irreversible. In some patients undergoing
ITT, nephrotic syndrome may develop; close monitoring is
required even after I'TT is completed, as nephrotic syndrome
may persist.

There is little evidence regarding when or whether to initiate
ITI in hemophilia B patients after inhibitor detection;
however, some have initiated a high-dose/high-frequency
FIX regimen until tolerance is achieved, i.e., the inhibitor
titer is persistently negative and factor recovery and half-life
return to normal. However, there is no supporting evidence,
and this approach is based on experience with hemophilia A
inhibitor management. Clinical and laboratory monitoring
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is important, especially for development of allergic reactions
or nephrotic syndrome.

o Little is known about the role of immunosuppressive
agents in hemophilia B patients with inhibitors, as few
data are available; thus, there is no consensus regarding
their use in these patients.

RECOMMENDATION 8.4.10:

o For patients with hemophilia B and inhibitors, the
WFH is unable to make a recommendation on the use
of immune tolerance induction, as experience with ITI
in hemophilia B is limited.

« REMARK: In patients with hemophilia B and
inhibitors in whom ITI is attempted, high-dose factor
replacement protocols should be followed similar to
what is recommended for hemophilia A, with strong
consideration for the use of immunosuppression. It
should be noted the risk of nephrotic syndrome may
increase with high-dose I'TI.

FIX prophylaxis after immune tolerance

induction

o After successful immune tolerization in hemophilia
B patients with inhibitors (defined as the return to a
persistently negative inhibitor titer), FIX prophylaxis with
close monitoring of clinical response should be initiated.”

Surgery and invasive procedures

o Inhibitor testing is advised in patients with hemophilia
B prior to surgery and invasive procedures. Special
precautions, as noted above in the “Management of
bleeding” section, must be taken in hemophilia B patients
with inhibitors, including monitoring for allergic reactions
and nephrotic syndrome.

o In those with low-responding inhibitors, standard FIX
CFC coverage may be considered if high enough levels

are achieved. In those with high-responding inhibitors or
in those with a history of allergic reactions to FIX CFCs,
treatment with the bypassing agent rFVIIa is advised,
recognizing the risk of an allergic reaction or worsening of
such a reaction in those who experience allergic reactions
to FIX when treated with aPCC due to its FIX content.

o If hemostasis is unsatisfactory with rFVIIa or aPCC used as
single agents, these agents may be alternated,’” recognizing
this is based on a small observational study and also
recognizing the risk for allergic reaction or worsening of
an allergic reaction with aPCC due to FIX content.

o Close perioperative monitoring of clinical response to
bypass agent therapy is required, particularly for thrombosis
or consumptive coagulopathy. (See Recommendation 8.4.9
on clinical monitoring of bypass agent therapy, above.)

» Once hemostasis is achieved and maintained on a bypass
agent regimen for 3-5 days, use of these agents may be
tapered over a week or more.

RECOMMENDATION 8.4.11:

o For patients with hemophilia B and low-responding
FIX inhibitors who undergo surgery, the WFH has no
preference for type of FIX products, but recommends
more frequent dosing due to the short FIX half-life.

RECOMMENDATION 8.4.12:

o For patients with hemophilia B and FIX inhibitors who
undergo surgery, the WFH recommends rFVIIa over
aPCC, as aPCC contains FIX and may cause or worsen
an allergic reaction.

RECOMMENDATION 8.4.13:

o For patients with hemophilia B and inhibitors and an
allergic reaction to FIX who undergo surgery, the WFH
prefers rFVIIa over aPCC as aPCC contains FIX and
may cause or worsen an allergic reaction.

TABLE 8-5 Treatment of acute bleeds in hemophilia B patients with inhibitors

Hemophilia B

Low-responding inhibitors

High-responding inhibitors

Agent * FIX202 ¢ rFVila or aPCCZ7p

Monitoring e FIX activity (FIX:C) assay e Thromboelastography or thrombin generation assay4¢.c

Abbreviations: aPCC, activated prothrombin complex concentrate; FIX, factor IX; FVIII, factor VIII; rFVlla, recombinant activated factor Vlla.
aWill require higher, more frequent dosing if half-life is shortened.

bIn patients with FIX inhibitors, there is high risk for allergic reaction and nephrotic syndrome with FIX-containing products, e.g., aPCC, and
caution is urged; however, in those with an allergic reaction or nephrotic syndrome with FIX-containing products, aPCC should be avoided
since it contains FIX.

<The thrombin generation assay is not state-of-the-art monitoring and is unavailable in most laboratories, but increasingly being used to assess
response.



RECOMMENDATION 8.4.14:

For patients with hemophilia B and inhibitors who
undergo surgery or an invasive procedure, the WFH
recommends close clinical monitoring for thrombosis
or consumptive coagulopathy.

Product switching

While there is controversy regarding risk of inhibitor
development in patients with hemophilia B switching
FIX CFC products, including rare case reports, there is a
lack of evidence supporting this risk.®*

RECOMMENDATION 8.4.15:

For patients with hemophilia B who switch to another
type or brand of factor product, the WFH has no
preference in the choice of specific type of therapy, as
current evidence indicates product switching does not
increase the risk of inhibitor development, but rigorous
controlled trials are lacking.

References

10.

11.

Blanchette VS, Key NS, Ljung LR, et al. Definitions in hemophilia:
communication from the SSC of the ISTH. ] Thromb Haemost.
2014;12(11):1935-1939.

Meijer P, Verbruggen B. The between-laboratory variation of

factor VIII inhibitor testing: the experience of the external quality
assessment program of the ECAT foundation. Semin Thromb Hemost.
2009;35(8):786-793.

Verbruggen B, van Heerde WL, Laros-van Gorkom BA. Improvements
in factor VIII inhibitor detection: from Bethesda to Nijmegen. Semin
Thromb Hemost. 2009;35(8):752-759.

Miller CH. Laboratory testing for factor VIII and IX inhibitors in
haemopbhilia: a review. Haemophilia. 2018;24(2):186-197.

Miller CH, Platt SJ, Rice AS, Kelly F, Soucie JM, Hemophilia Inhibitor
Research Study Investigators. Validation of Nijmegen-Bethesda assay
modifications to allow inhibitor measurement during replacement
therapy and facilitate inhibitor surveillance. ] Thromb Haemost.
2012;10(6):1055-1061.

Peyvandi F, Mannucci PM, Garagiola I, et al. A randomized trial of
factor VIII and neutralizing antibodies in hemophilia A. N Engl ] Med.
2016;374(21):2054-2064.

Hay CR, Brown S, Collins PW, Keeling DM, Liesner R. The diagnosis
and management of factor VIII and IX inhibitors: a guideline from
the United Kingdom Haemophilia Centre Doctors Organisation. Br |
Haematol. 2006;133(6):591-605.

de Moerloose P, Fischer K, Lambert T, et al. Recommendations for
assessment, monitoring and follow-up of patients with haemophilia.
Haemophilia. 2012;18(3):319-325.

Ragni MV, Ojeifo O, Feng J, et al. Risk factors for inhibitor formation
in haemophilia: a prevalent case-control study. Haemophilia.
2009;15(5):1074-1082.

Astermark J, Altisent C, Batorova A, et al. Non-genetic risk factors and
the development of inhibitors in haemophilia: a comprehensive review
and consensus report. Haemophilia. 2010;16(5):747-766.

Teitel JM, Carcao M, Lillicrap D, et al. Orthopaedic surgery in
haemophilia patients with inhibitors: a practical guide to haemostatic,
surgical and rehabilitative care. Haemophilia. 2009;15(1):227-239.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

27.

28.

29.

30.

31.

32.

34.

Chapter 8: Inhibitors to Clotting Factor

Kempton CL, Soucie JM, Miller CH, et al. In non-severe hemophilia A
the risk of inhibitor after intensive factor treatment is greater in older
patients: a case-control study. ] Thromb Haemost. 2010;8(10):2224-2231.
Berntorp E, Collins P, D’Oiron R, et al. Identifying non-responsive
bleeding episodes in patients with haemophilia and inhibitors: a
consensus definition. Haemophilia. 2011;17(1):€202-e210.

McMillan CW, Shapiro SS, Whitehurst D, Hoyer LW, Rao AV, Lazerson
J. The natural history of factor VIII: C inhibitors in patients with
hemophilia A: a national cooperative study, II: observations on the
initial development of factor VIII: C inhibitors. Blood. 1988;71(2):344-
348.

Sharathkumar A, Lillicrap D, Blanchette VS, et al. Intensive exposure to
factor VIII is a risk factor for inhibitor development in mild hemophilia
A. ] Thromb Haemost. 2003;1(6):1228-1236.

Gouw SC, van den Berg HM, Fischer K, et al. Intensity of factor

VIII treatment and inhibitor development in children with severe
hemophilia A: the RODIN study. Blood. 2013;121(20):4046-4055.
Castaman G, Fijnvandraat K. Molecular and clinical predictors of
inhibitor risk and its prevention and treatment in mild hemophilia A.
Blood. 2014;124(15):2333-2336.

Fischer K, Lassila R, Peyvandi F, et al. Inhibitor development in
haemophilia according to concentrate: four-year results from the
European HAemophilia Safety Surveillance (EUHASS) project. Thromb
Haemost. 2015;113(5):968-975.

Hay CR. Factor VIII inhibitors in mild and moderate-severity
haemophilia A. Haemophilia. 1998;4(4):558-563.

Chitlur M, Warrier I, Rajpurkar M, Lusher JM. Inhibitors in factor IX
deficiency a report of the ISTH-SSC international FIX inhibitor registry
(1997-2006). Haemophilia. 2009;15(5):1027-1031.

Carcao M, Re W, Ewenstein B. The role of previously untreated

patient studies in understanding the development of FVIII inhibitors.
Haemophilia. 2016;22(1):22-31.

van den Berg HM, Fischer K, Carcao M, et al. Timing of inhibitor
development in more than 1000 previously untreated patients with
severe hemophilia A. Blood. 2019;134(3):317-320.

Eckhardt CL, Menke LA, van Ommen CH, et al. Intensive peri-
operative use of factor VIII and the Arg593->Cys mutation are risk
factors for inhibitor development in mild/moderate hemophilia A. ]
Thromb Haemost. 2009;7(6):930-937.

. Hashemi SM, Fischer K, Moons KG, van den Berg HM. Improved

prediction of inhibitor development in previously untreated patients
with severe haemophilia A. Haemophilia. 2015;21(2):227-233.

Eckhardt CL, van Velzen AS, Peters M, et al. Factor VIII gene (F8)
mutation and risk of inhibitor development in nonsevere hemophilia A.
Blood. 2013;122(11):1954-1962.

Eckhardt CL, Loomans JI, van Velzen AS, et al. Inhibitor development
and mortality in non-severe hemophilia A. ] Thromb Haemost.
2015;13(7):1217-1225.

Ljung RCR. How I manage patients with inherited haemophilia A and B
and factor inhibitors. Br ] Haematol. 2018;180(4):501-510.

Colvin BT, Astermark J, Fischer K, et al. European principles of
haemophilia care. Haemophilia. 2008;14(2):361-374.

Teitel ], Berntorp E, Collins P, et al. A systematic approach to controlling
problem bleeds in patients with severe congenital haemophilia A and
high-titre inhibitors. Haemophilia. 2007;13(3):256-263.

Berntorp E, Shapiro A, Astermark J, et al. Inhibitor treatment in
haemophilias A and B: summary statement for the 2006 international
consensus conference. Haemophilia. 2006;12(Suppl 6):1-7.

Kempton CL, White GC 2nd. How we treat a hemophilia A patient with
a factor VIII inhibitor. Blood. 2009;113(1):11-17.

Young G, Liesner R, Chang T, et al. A multicenter, open-label phase 3
study of emicizumab prophylaxis in children with hemophilia A with
inhibitors. Blood. 2019;134(24):2127-2138.

. Oldenburg J, Mahlangu JN, Kim B, et al. Emicizumab prophylaxis in

hemophilia A with inhibitors. N Engl ] Med. 2017;377(9):809-818.
Konkle BA, Ebbesen LS, Erhardtsen E, et al. Randomized, prospective
clinical trial of recombinant factor VIIa for secondary prophylaxis in

119



120

WFH Guidelines for the Management of Hemophilia, 3rd edition

hemophilia patients with inhibitors. ] Thromb Haemost. 2007;5(9):1904-
1913.

35. Leissinger C, Gringeri A, Antmen B, et al. Anti-inhibitor coagulant
complex prophylaxis in hemophilia with inhibitors. N Engl ] Med.
2011;365(18):1684-1692.

36. Astermark J, Donfield SM, DiMichele DM, et al. A randomized
comparison of bypassing agents in hemophilia complicated by an
inhibitor: the FEIBA NovoSeven Comparative (FENOC) Study. Blood.
2007;109(2):546-551.

37. Seaman CD, Ragni MV. Sequential bypassing agents during major
orthopedic surgery: a new approach to hemostasis. Blood Adv.
2017;1(17):1309-1311.

38. Seaman CD, Ragni MV. Emicizumab use in major orthopedic surgery.
Blood Adv. 2019;3(11):1722-1724.

39. Dimichele D. Inhibitors: resolving diagnostic and therapeutic dilemmas.
Haemophilia. 2002;8(3):280-287.

40. HEMLIBRA® (emicizumab-kxwh) injection for subcutaneous use [U.S.
prescribing information]. South San Francisco, CA: Genentech; Revised
10/2018.

41. Mahlangu J, Oldenburg J, Paz-Priel I, et al. Emicizumab prophylaxis
in patients who have hemophilia A without inhibitors. N Engl ] Med.
2018;379(9):811-822.

42. Young G. Implementing emicizumab in hemophilia inhibitor
management: emicizumab should be prescribed after tolerance. Blood
Adv. 2018;2(20):2780-2782.

43. Pipe SW, Shima M, Lehle M, et al. Efficacy, safety, and pharmacokinetics
of emicizumab prophylaxis given every 4 weeks in people with
haemophilia A (HAVEN 4): a multicentre, open-label, non-randomised
phase 3 study. Lancet Haematol. 2019;6(6):€295-e305.

44. Oldenburg J, Mahlangu JN, Bujan W, et al. The effect of emicizumab
prophylaxis on health-related outcomes in persons with haemophilia A
with inhibitors: HAVEN 1 Study. Haemophilia. 2019;25(1):33-44.

45. Nogami K, Soeda T, Matsumoto T, Kawabe Y, Kitazawa T, Shima M.
Routine measurements of factor VIII activity and inhibitor titer in the
presence of emicizumab utilizing anti-idiotype monoclonal antibodies. J
Thromb Haemost. 2018;16(7):1383-1390.

46. Tripodi A, Chantarangkul V, Novembrino C, Peyvandi F. Advances in
the treatment of hemophilia: implications for laboratory testing. Clin
Chem. 2019;65(2):254-262.

47. Gundabolu K, Goldsweig A, Bhatt VR, Koepsell SA, Harper JL. ST-
segment elevation myocardial infarction (STEMI) and pulmonary
embolism in a hemophilia A patient receiving emicizumab and
recombinant activated factor VII. Haemophilia. 2020;26:e5-€8.

48. Bar-Ilan A, Livnat T, Hoffmann M, et al. In vitro characterization of
MOD-5014, a novel long-acting carboxy-terminal peptide (CTP)-
modified activated FVIL. Haemophilia. 2018;24(3):477-486.

49. Gruppo RA, Malan D, Kapocsi J, et al. Phase 1, single-dose escalating
study of marzeptacog alfa (activated), a recombinant factor VIIa
variant, in patients with severe hemophilia. ] Thromb Haemost.
2018;16(10):1984-1993.

50. Pasi KJ, Rangarajan S, Georgiev P, et al. Targeting of antithrombin in
hemophilia A or B with RNAI therapy. N Engl ] Med. 2017;377(9):819-
828.

51. Eichler H, Angchaisuksiri P, Kavakli K, et al. A randomized trial of
safety, pharmacokinetics and pharmacodynamics of concizumab in
people with hemophilia A. J Thromb Haemost. 2018;16(11):2184-2195.

52. Coppola A, Windyga J, Tufano A, Yeung C, Di Minno MN. Treatment
for preventing bleeding in people with haemophilia or other congenital
bleeding disorders undergoing surgery. Cochrane Database Syst Rev.
2015;(2):CD009961.

53. Coppola A, Di Minno MN, Santagostino E. Optimizing management
of immune tolerance induction in patients with severe haemophilia
A and inhibitors: towards evidence-based approaches. Br ] Haematol.
2010;150(5):515-528.

54. DiMichele DM, Hoots WK, Pipe SW, Rivard GE, Santagostino E.
International workshop on immune tolerance induction: consensus
recommendations. Haemophilia. 2007;13(Suppl 1):1-22.

55. Nakar C, Manco-Johnson M], Lail A, et al. Prompt immune tolerance
induction at inhibitor diagnosis regardless of titre may increase overall

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

success in haemophilia A complicated by inhibitors: experience of two
U.S. centres. Haemophilia. 2015;21(3):365-373.

Collins P, Chalmers E, Alamelu J, et al. First-line immune tolerance
induction for children with severe haemophilia A: a protocol from the
UK Haemophilia Centre Doctors’ Organisation Inhibitor and Paediatric
Working Parties. Haemophilia. 2017;23(5):654-659.

Hay CR, DiMichele DM, International Immune Tolerance Study.

The principal results of the International Immune Tolerance Study: a
randomized dose comparison. Blood. 2012;119(6):1335-1344.

Malec LM, Journeycake J, Ragni MV. Extended half-life factor VIII

for immune tolerance induction in haemophilia. Haemophilia.
2016;22(6):e552-€554.

Carcao M, Shapiro A, Staber JM, et al. Recombinant factor VIII Fc
fusion protein for immune tolerance induction in patients with severe
haemophilia A with inhibitors—a retrospective analysis. Haemophilia.
2018;24(2):245-252.

Ragni MV, Malec LM. Design of the INHIBIT trial: preventing
inhibitors by avoiding ‘danger’, prolonging half-life and promoting
tolerance. Expert Rev Hematol. 2014;7(6):747-755.

Batsuli G, Zimowski KL, Tickle K, Meeks SL, Sidonio RF Jr. Inmune
tolerance induction in paediatric patients with haemophilia A

and inhibitors receiving emicizumab prophylaxis. Haemophilia.
2019;25(5):789-796.

Le Quellec S, Negrier C. Emicizumab should be prescribed independent
of immune tolerance induction. Blood Adv. 2018;2(20):2783-2786.
Carcao M, Escuriola-Ettingshausen C, Santagostino E, et al. The
changing face of immune tolerance induction in haemophilia A with
the advent of emicizumab. Haemophilia. 2019;25(4):676-684.

Matino D, Lillicrap D, Astermark J, et al. Switching clotting factor
concentrates: considerations in estimating the risk of immunogenicity.
Haemophilia. 2014;20(2):200-206.

Dube E, Bonnefoy A, Merlen C, et al. A prospective surveillance

study of inhibitor development in haemophilia A patients following a
population switch to a third-generation B-domain-deleted recombinant
factor VIII. Haemophilia. 2018;24(2):236-244.

Coppola A, Marrone E, Conca P, et al. Safety of switching factor VIII
products in the era of evolving concentrates: myths and facts. Semin
Thromb Hemost. 2016;42(5):563-576.

Santoro C, Quintavalle G, Castaman G, et al. Inhibitors in hemophilia
B. Semin Thromb Hemost. 2018;44(6):578-589.

Radic CP, Rossetti LC, Abelleyro MM, et al. Assessment of the F9
genotype-specific FIX inhibitor risks and characterisation of 10 novel
severe F9 defects in the first molecular series of Argentinian patients
with haemophilia B. Thromb Haemost. 2013;109(1):24-33.
Bolton-Maggs PH, Pasi KJ. Haemophilias A and B. Lancet.
2003;361(9371):1801-1809.

Male C, Andersson NG, Rafowicz A, et al. Inhibitor incidence in

an unselected cohort of previously untreated patients with severe
haemophilia B: a PedNet study. Haematologica. 2020. https://doi.
org/10.3324/haematol.2019.239160

Recht M, Pollmann H, Tagliaferri A, Musso R, Janco R, Neuman

WR. A retrospective study to describe the incidence of moderate to
severe allergic reactions to factor IX in subjects with haemophilia B.
Haemophilia. 2011;17(3):494-499.

Leissinger CA, Singleton T, Kruse-Jarres R. How I use bypassing therapy
for prophylaxis in patients with hemophilia A and inhibitors. Blood.
2015;126(2):153-159.

Antunes SV, Tangada S, Stasyshyn O, et al. Randomized comparison of
prophylaxis and on-demand regimens with FEIBA NF in the treatment
of haemophilia A and B with inhibitors. Haemophilia. 2014;20(1):65-72.
Chowdary P, Lethagen S, Friedrich U, et al. Safety and pharmacokinetics
of anti-TFPI antibody (concizumab) in healthy volunteers and patients
with hemophilia: a randomized first human dose trial. ] Thromb
Haemost. 2015;13(5):743-754.

SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting
Information section.



