
| TREATMENT OF CONGENITAL BLEEDING DISORDERS |

Hemophilia and inhibitors: current treatment options and
potential new therapeutic approaches

Shannon L. Meeks and Glaivy Batsuli

Aflac Cancer and Blood Disorders Center, Children’s Healthcare of Atlanta, Emory University, Atlanta, GA

The immune response to infused factor concentrates remains a major source of morbidity and mortality in the treatment
of patients with hemophilia A and B. This review focuses on current treatment options and novel therapies currently in
clinical trials. After a brief review of immune tolerance regimens, the focus of the discussion is on preventing bleeding in
patients with hemophilia and inhibitors. Recombinant factor VIIa and activated prothrombin complex concentrates are
themainstays in treating bleeds in patients with inhibitors. Both agents have been shown to reduce bleeding episodes to
a similar degree when infused prophylactically; however, individual patients may respond better to one agent over the
other at any given time. The international immune tolerance trial revealed that a high-dose factor VIII regimen provided
significantly better bleeding protection than the low-dose regimen. Given the high cost of treatment and the potential for
a high-dose immune tolerance regimen to prevent bleeding in some patients, we discuss how we treat patients to
maximize the prevention of bleeds while minimizing cost. Novel approaches to treatment of these patients are in
development. These include agents that mimic factor VIII or augment thrombin generation by bypassing the inhibitor, as
well as agents that inhibit the natural anticoagulants.

Learning Objectives

• Select an appropriate treatment regimen for preventing joint
bleeding in patients with hemophilia and inhibitors

• Describe novel approaches to treating patients with hemo-
philia and inhibitors

Introduction
The prevention and treatment of bleeds with factor VIII (fVIII) and
factor IX (fIX) replacement products have greatly improved the
quality of care for patients with hemophilia A and B, respectively.
However, development of neutralizing antibodies, or inhibitors,
against infused factor remains a challenging complication of he-
mophilia treatment. Approximately ~30% of patients with severe
hemophilia A will develop inhibitors, in addition to 5% of patients
with mild and moderate hemophilia A and 3% of patients with
hemophilia B.1-3 Inhibitors significantly increase the cost of care,
intensify the financial and psychosocial stressors on patients and
their families, and have a negative effect on disease morbidity and
mortality by making bleeding episodes more difficult to treat.4,5

Despite the development of multiple innovative therapeutic products
that treat bleeding and reduce disease burden in patients without
inhibitors, bypassing agents (BPAs) are the primary treatment
modalities currently available for patients with inhibitors. Therefore,
novel approaches that address bleeding in the setting of antifactor
inhibitors are an active area of investigation in the field. This review
focuses on current therapeutic options to prevent joint bleeding and
discusses the novel therapies in development for patients with he-
mophilia and inhibitors.

Immune tolerance induction
Immune tolerance induction (ITI) is considered the standard of care
for inhibitor eradication in patients with hemophilia, predominantly
in patients with severe hemophilia A. ITI refers to frequent and
regular exposure to fVIII concentrates, often at high doses over the
course of several months to years, as a method to induce tolerance.
Proposed mechanisms of tolerance induction include T-cell ex-
haustion through overstimulation, and ultimately T-cell anergy,
inhibition of fVIII-specific memory B-cell differentiation, and for-
mation of anti-idiotypic antibodies.6 After successful ITI, patients are
able to resume the use of factor replacement therapies for prophylaxis
and acute bleeding.

Patients with low titer and low responding inhibitors (,5 Bethesda
units [BU]/mL) can often continue receiving factor replacement
therapy, albeit at higher doses, for prophylaxis and treatment of
bleeds. This group of inhibitors may include transient inhibitors that
often resolve within 6 months. High-titer inhibitors are defined as
those with inhibitor titers of 5 BU/mL or higher. In general, patients
with inhibitor titers between 5 and 10 BU/mL are recommended to
start ITI with high doses of fVIII as soon as possible.7 Conversely,
patients with inhibitor titers higher than 10 BU/mL, which is con-
sidered a poor-risk feature, have historically had ITI delayed until the
inhibitor titer declined to less than 10 BU/mL, but recent publications
have suggested a role in immediately starting ITI for these patients.8

The International Immune Tolerance study (IITI) is the only pro-
spective randomized controlled trial evaluating the efficacy of ITI in
patients with severe hemophilia A and good-risk features (Table 1). It
compared low-dose (LD) 50 IU/kg thrice weekly vs high-dose (HD)
200 IU/kg daily fVIII regimens and demonstrated an ~70% overall
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success rate.9-11 The time to negative inhibitor titer and normal fVIII
recovery was shorter in the high-dose group, although both dosing
groups had similar rates of tolerance. For patients with hemophilia B
and inhibitors, 31% achieved tolerance at dosing regimens ranging
from 25 to 200 IU/kg/day.9 Distinct from fVIII inhibitors, fIX in-
hibitors can manifest with allergic reactions, anaphylaxis, and ne-
phrotic syndrome, which can complicate the decision to pursue ITI. In
addition, there is insufficient evidence to recommend a specific reg-
imen for desensitization, immune tolerance, and immunosuppression,
as the data are primarily limited to case reports or series.12-14

In patients with severe hemophilia A and poor-risk features, outcome
data on ITI are limited to observational studies. In the North
American Immune Tolerance Registry, 40% patients with a pre-ITI
titer of 10 BU/mL or higher achieved successful tolerance compared
with 83% of those with pre-ITI titers lower than 10 BU/mL.9

However, in a single-center study of late ITI (ie, ITI initiated 2 or
more years from inhibitor detection) in patients with poor-risk
features, 4 of 9 patients (44%) were successfully tolerized, and an
additional 3 patients (33%) were partially tolerized, demonstrating an
inhibitor titer lower than 5 BU/mL and the ability to treat bleeds with
fVIII products.15 Although lower rates of successful tolerance are
anticipated in patients with poor-risk features, there is a subset of
patients who respond to ITI, and continual assessment of their in-
hibitor status is warranted. There are multiple excellent reviews of
ITI and recommendations for practice that were published after the
IITI study that can be referenced for a more in-depth discussion.16,17

Treatment options for bleeding
BPAs provide hemostasis through pathways that circumvent the
need for fVIII or fIX to generate thrombin. The 2 currently available
BPAs are recombinant fVIIa (rfVIIa; Novoseven RT, Novo Nordisk)
and activated prothrombin complex concentrate (aPCC; FEIBA VH,
Baxalta). Both rVIIa and aPCC have shown ~80% hemostatic ef-
ficacy in patients with hemophilia with inhibitors in a variety of
clinical settings with rare incidents of thromboembolism.18-20 The
FENOC study compared the efficacy of rVIIa and aPCC in patients
with hemophilia A and inhibitors in a prospective, randomized
crossover trial of clinical equivalency.21 Analysis of 96 bleeding
episodes in 48 patients demonstrated 80.9% efficacy with aPCC and
78.7% efficacy with rVIIa 6 hours after treatment of joint bleeds.
Interestingly ~30% to 40% of patients who received both rfVIIa and
aPCC reported improved hemostatic efficacy and stoppage of bleeds
with one agent over the other up to 12 hours after infusion. A portion
of patients alternated between favoring one agent over the other,
whereas 10% of participants responded to neither product.

Prophylaxis in patients with inhibitors
Prophylaxis is the standard of care for patients with severe hemo-
philia but may not be feasible for patients with inhibitors because of
cost, increased infusion frequency (rfVIIa), large infusion volumes

(aPCC), theoretical risk for thrombosis, and incomplete correction
of the hemostatic defect that results in more breakthrough bleeds.
Despite these limitations, patients with inhibitors often benefit from
prophylaxis therapy with BPAs pending the start of ITI, during ITI,
and indefinitely if ITI fails for prevention of recurrent joint bleeds,
hemophilic arthropathy, and subsequent disability.22,23 Prospective
studies of both aPCC (85 U/kg on 3 nonconsecutive days/week) and
rfVIIa (90 mg/kg/day and 270 mg/kg/day) reduced bleeding when
compared with on-demand regimens.24,25 Furthermore, prophylaxis
improved quality of life, reduced hospitalizations, and reduced the
number of patient-reported missed days from work or school.26

Bleeding protection during ITI is also important. Twice-daily
administration of an aPCC during ITI with high-dose fVIII was
a component of the initial phase of the Bonn ITI protocol, and
~66% of patients in this cohort showed favorable orthopedic
outcomes after therapy completion.27 An important finding in
the IITI study was the significant increase in bleeding in the
LD fVIII group compared with in the HD group (hazard ratio, 2.20;
P5 .0019) in spite of comparable rates of tolerance. Discrepancies
in bleeding rates, particularly in the early phase of tolerance be-
tween the start of ITI and a negative inhibitor titer, resulted in
a trend toward increased hospitalizations (72 in the LD group vs 39
in the HD group; P 5 .145) and a lower number of participants
without bleeding during the ITI course (14% in the LD group vs
37% in the HD group; P 5 .0085) in the LD group. The study was
ultimately terminated prematurely as a result of these findings and
study futility. Effect of prophylaxis during ITI on bleeding rates
could not be assessed because of a limited number of participants
treated with BPA prophylaxis.

How we treat
Traditionally, the use of BPAs during ITI has been reserved for
patients with inhibitor titers higher than 10 BU/mL and persistent
bleeding symptoms despite high doses of fVIII replacement. As BPA
prophylaxis before the initiation of ITI has become more routine,
many providers are continuing this with the start of ITI. Given the
high cost of BPA prophylaxis and clear data from the IITI study that
there was less bleeding in patients receiving high-dose ITI, deciding
when and whether BPA prophylaxis is added to ITI in addition to
when BPA prophylaxis can be stopped because the high-dose fVIII is
enough can be a challenge. The following highlights these decision
points and how we treat these patients.

Choosing a BPA
The decision to use one BPA over the other depends on multiple
factors, including the phase of ITI therapy, bleeding frequency,
patient convenience (ie, dosing frequency and infusion volumes),
and clinical efficacy for the patient.28,29 rVIIa is often chosen as the
first-line BPA for patients with hemophilia A and B with inhibitors
before the start of ITI because of the potential risk for anamnesis and
allergic reaction with aPCC resulting from small amounts of fVIII
and the presence of fIX, respectively. There is a theoretical higher
thrombotic risk with high doses of either agent, although very few
cases of thrombosis have been reported.24,25 Table 2 reviews the
advantages and disadvantages of the currently available agents. It is
important to note that a portion of patients will not respond to either
agent, and that the response to each of these agents can change over
time in the same patient, warranting routine reassessment of he-
mostatic efficacy of the treatment regimen during clinic visits.
Predicting what agent a patient will respond to, and treating patients
who do not respond to either agent, remains a challenge. For patients

Table 1. Risk stratification of inhibitor patients

Good-risk
features

Poor-risk
features

Age at start of ITI ,8 y $8 y
Historical peak titer ,200 BU/mL $200 BU/mL
Pre-ITI titer ,10 BU/mL $10 BU/mL
Time to titer decline to ,10 BU/mL
before ITI

,24 mo $24 mo

Data from Kempton and Meeks.7
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who have failed ITI, the decision between BPAs is based on he-
mostatic response and patient preference.

On-demand vs prophylaxis with BPAs in inhibitor patients
receiving ITI
Patients with hemophilia A that present with high responding in-
hibitors between 5 and 10 BU/mL are started on high-dose fVIII at
100 to 200 IU/kg/d as soon as possible. Often these patients need
central access to accomplish this. We initially attempt continuous
infusion of fVIII (6-10 U/kg/h to achieve fVIII levels of 80%-100%),
and the majority of these patients are successfully covered through port
placement and then transitioned to ITI dosing. If adequate fVIII levels
cannot be obtained, patients are covered with BPAs for their port
placement while starting on daily ITI. The BPAs are stopped after 7 to
10 days and restarted only if bleeding occurs. For patients with titers
higher than 10 BU/mL who will start ITI immediately, central access,
if needed, is placed with rfVIIa coverage. Once healed, high-dose ITI
at 100 to 200 IU/kg/d is initiated, and a BPA is added if breakthrough
bleeding occurs, such as recurrent joint bleeds, large hematomas, and
so on. High-titer inhibitor patients who start receiving BPA pro-
phylaxis for a period of time before ITI initiation typically continue
on the same agent once ITI has started. Depending on the bleeding
pattern, it is reasonable to start high-dose ITI and then add BPA
prophylaxis if bleeding occurs, acknowledging the higher risk for life-
threatening bleeding. Given the cost of BPA prophylaxis, we initially
treat most patients with high-dose fVIII alone unless they have
a history of intracranial hemorrhage or other major bleeding. A single
joint bleed is sufficient to start BPA prophylaxis in these patients to
prevent long-term sequelae. Assessing the need for on-demand therapy
or prophylaxis with BPAs involves regular monitoring of the bleeding
frequency, hemostatic response to high-dose fVIII, and trend of the
inhibitor titer. It is recommended that patients are followed monthly
during ITI until a negative inhibitor titer is achieved, at which time they
can be transitioned to every-3-month monitoring16; however, this is
primarily based on consensus recommendations because of the lack of
data evaluating the optimal frequency of monitoring.

When to discontinue BPA prophylaxis
Anti-fVIII inhibitor titer, as measured by the Bethesda assay and
fVIII levels, are monitored regularly in the clinic to trend the inhibitor
titer and assess for fVIII recovery. We have routinely seen some level
of factor recovery as the titer drops below 100 BU/mL and begin
checking peak fVIII levels (fVIII activity 15 minutes after an in-
fusion) during routine inhibitor monitoring visits. The majority of
patients have measurable recovery before their titers drop below
10 to 20 BU/mL, and we frequently observe not only measurable fVIII
levels but also high fVIII levels (.100%) before achieving a neg-
ative inhibitor titer. Any measurable peak recovery higher than 10%
is evaluated further. The kinetics of fVIII inhibition are assessed both
in the laboratory and in the clinic with further pharmacokinetics to
evaluate whether a patient would be a good candidate to stop BPAs,
as illustrated in the case presented here, or if levels are high enough
immediately after infusion that the timing of the dose of BPA should
be spaced apart from fVIII to limit the risk for thrombosis.

Case: An 18-month-old with severe hemophilia A, who initially
presented with an inhibitor titer of 40 BU/mL after circumcision, was
started on ITI at 200 U/kg/d, and rfVIIa was added shortly afterward
secondary to bleeding at his port site with access. His titer peaked
at ~1000 BU/mL in the first month, and 6 months later was down to
75 BU/mL. His father reported that he no longer seemed to have
bleeding after port access. After his dose of 200 IU/kg fVIII, a peak
fVIII level in clinic returned at 4%, and subsequent testing showed
a persistent fVIII level of 4% 6 hours later. Subsequently, his BPA
prophylaxis was stopped. He has had no joint bleeds off BPA pro-
phylaxis now for more than 1 year, with titers ranging from 34 to 166
BU/mL. He has had multiple traumatic injuries/lacerations to his face,
which have required on-demand use of BPAs, but no joint bleeds.

Given the individual characteristics of each inhibitor patient, the
timing of initiation and discontinuation of BPAs must be constantly
evaluated. Hemostatic efficacy, fVIII recovery, and inhibitor titer
should be monitored closely, especially after the titer falls below

Table 2. Comparison of available BPAs for patients with hemophilia A and inhibitors

rfVIIa aPCC

Brand name Novoseven RT FEIBA VH
Product type Recombinant Plasma-derived, virally inactivated
Product contents fVIIa fII, fIX, fX, fVIIa
Half-life 2-3 h 8-12 h
Treatment dosing17 90-120 mg/kg every 2-3 h or 270 mg/kg 3 1 50-100 IU/kg every 8-12 h (max dose, 200 IU/kg/day)
Prophylaxis dosing24,25 90 or 270 mg/kg daily 85 IU/kg 3 times per week
Infusion volume* 1 mg/mL (2 ml) ~40 IU/mL (40 mL)
Advantages Lower infusion volumes Less frequent dosing regimens

No risk for anamnesis
Disadvantages Frequent dosing regimens Large infusion volumes

Risk for anamnestic response
Contraindicated in patients with hemophilia B with

inhibitors
General disadvantages of both agents Requirement of reliable venous access

Expensive and cost prohibited in some centers
Small theoretical risk for thrombosis
No reliable biomarkers available to correlate
with therapeutic dosing or efficacy

Incomplete hemostatic effect compared with
replacement factor in patients without
inhibitors

*Infusion volume based on a 20-kg child with doses of rVIIa 2 mg and aPCC 1600 IU.
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100 BU/mL, to ensure the best possible balance between bleeding
protection and cost of prophylaxis.

Novel agents
Given the limitations of BPAs and lack of alternative agents for
bleeding prevention and treatment in inhibitor patients, there are
several promising new therapies currently in clinical trials addressing
these deficiencies (Table 3). We have classified these novel agents
into 2 predominant categories: therapies that target aspects of the
coagulation cascade that promote thrombin generation with sub-
sequent clot formation (ie, “turn on the on switch”) and therapies that
target the anticoagulant regulators of the cascade (ie, “turn off the
off switch”). Additional agents that use alternate mechanisms for
bleeding prevention/treatment will be reviewed briefly.

“Turning on the on switch”
Bispecific fIXa/X antibody. Amplification of the coagulation
cascade to generate the thrombin burst that ultimately leads to stable
clot formation is mediated by the intrinsic Xase complex. This
complex consists of activated fVIII (fVIIIa) serving as a cofactor for
activated fIX (fIXa) on a phospholipid surface to generate activated
factor Xa (fXa) from factor X (fX). Emicizumab (ACE910) is a
recombinant humanized bispecific antibody that mimics fVIIIa
cofactor activity through high-affinity binding of fIXa and fX
supporting thrombin generation. In the single-center phase 1 double-
blinded, randomized control trial, pharmacokinetic studies showed
an average half-life of 28.3 to 34.4 days in 64 healthy Japanese
and American subjects after 1 subcutaneous injection of ACE910.30

Two of 48 subjects were found to have antidrug antibodies, 1 of
which had antidrug antibodies before drug exposure that did not alter
plasma drug concentration, activated partial thromboplastin time,
or peak thrombin compared with other subjects. In a separate trial
of 18 Japanese patients with severe hemophilia A, once-weekly

subcutaneous injections of ACE910 over the course of 12 consec-
utive weeks at 0.3, 1, or 3 mg/kg reduced annualized bleeding rate by
90% to 100% (median follow-up time, 9.5 months) compared with
on-demand therapy with BPAs before trial enrollment.31 Study
participants were able to infuse fVIII products or BPAs as needed for
on-demand treatment of bleeds during the trial period. There were
no thromboembolic events observed. Phase 2/3 trials in adult and
pediatric patients with severe hemophilia A with and without in-
hibitors are currently underway or scheduled to open.

“Turning off the off switch”
Antithrombin knockdown. Antithrombin is an important negative
regulator of excess thrombin formation via thrombin and fXa in-
hibition. Individuals with inherited or acquired deficiencies of an-
tithrombin have an increased risk for thrombosis.32,33 Balancing the
bleeding phenotype in hemophilia with the mild prothrombotic
phenotype seen in antithrombin deficiency is the rationale behind
the development of a small interfering RNA (siRNA) ALN-AT3.
The siRNA technology allows for targeted interference of post-
transcription gene expression at sites of endogenous protein pro-
duction of specific genes by interfering with mRNA translation.34 The
siRNA ALN-AT3, Fitusiran, is conjugated to N-acetylgalactosamine,
a ligand for the asialoglycoprotein receptor that facilitates delivery
of siRNAs to hepatocytes through high-affinity interaction.35 ALN-
AT3 specifically targets and disrupts antithrombin mRNA pro-
duction in the liver, resulting in increased thrombin generation. In
the multicenter phase 1 trial, no thromboembolic events or sig-
nificant alterations in thrombotic parameters occurred in healthy
adult volunteers or patients with moderate or severe hemophilia
A and B after a single subcutaneous dose of ALN-AT3.36 Anti-
thrombin lowering and elevated thrombin generation correlated
with reduced annualized bleeding rate in patients with hemophilia
receiving weekly drug administration compared with historical

Table 3. Summary of novel therapies for patients with hemophilia and inhibitors currently in clinical trial

Category Agent Mechanism of action Administration Drug half-life Clinical trial status

“Targeting
the on
switch”

Emicizumab
(ACE910)

Bispecific antibody binds fIXa
and fX mimicking fVIIIa to
generate thrombin

Subcutaneous injection
(weekly vs monthly
dosing)

~30 d (healthy subjects) Preclinical completed50

Phase 1 completed30

Phase 2/3 ongoing
“Targeting
the off
switch”

Fitusiran
(ALN-AT3)

Antithrombin knockdown via
siRNA interference of
hepatic AT3 mRNA
translation and gene
expression

Subcutaneous injection 7 d Phase 1 ongoing36,37,51

Phase 2/3 due to enroll in
2017

Concizumab
(MAb
2021)

TFPI inhibitor Subcutaneous injection or
intravenous infusion

7 d Preclinical completed38

Phase 1 completed39

Other agents rfVIIa-FP
(CSL689)

Extended half-life rfVIIa and
albumin fusion protein

Intravenous infusion ~6-10 h Preclinical completed42

Phase 1 completed43

Phase 2/3 enrolling
Obizur
(OBI-1,
BAX801)

B-domain deleted porcine
factor replacement product

Intravenous infusion
(on-demand dosing)

~10-12 h48 (patients with
hemophilia A)

US Food and Drug
Administration approved
2014 for acquired
hemophilia A (U.S.)

Reduced cross-reactivity with
anti-human fVIII inhibitors

Estimations will vary,
depending on the presence
of underlying cross-reactive
antibodies

Phase 1-3 completed for
acquired hemophilia A
indication

Phase 1/2 in patients with
congenital hemophilia A
and inhibitors
completed48,49
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controls on on-demand factor therapy. Furthermore, 12 hemophilia
A and B inhibitor plasmas with 50% and 90% antithrombin
knockdown using an antithrombin antibody showed increased
peak thrombin generation without overcorrection beyond values
observed in normal controls.37 Questions remain on the throm-
boembolic risk and appropriate dosing regimen for factor re-
placement in the setting of bleeding and surgery.

Inhibition of natural anticoagulants. Activation of fX on
a phospholipid membrane by tissue factor (TF)/fVIIa is negatively
regulated by TF pathway inhibitor (TFPI). Concizumab, MAb 2021,
is a humanized anti-TFPI monoclonal antibody that binds the TFPI
Kunitz-2 domain with high affinity (the fXa binding site on TFPI)
and alters TFPI inhibition of fXa. Preclinical studies in a rabbit
hemophilia A model demonstrated reduced cuticle bleeding after
Concizumab administration.38 Decreased free and functional TFPI
were measured in healthy adult volunteers and patients with severe
hemophilia A or B without inhibitors after a single intravenous
or subcutaneous dose of Concizumab in the phase 1 randomized,
placebo-controlled trial.39 Although bleeding rates were not a mea-
sured outcome in this study, the authors reported an absence of
bleeding events at high plasma levels of Concizumab, with the
exception of a minor trauma-induced finger cut. All patients
remained on their standard on-demand or prophylaxis regimens with
factor products during the trial. There were no antidrug antibodies
formed or serious adverse events observed.

Aptamer technology has been applied to TFPI as another method
to inhibit TFPI. Aptamers are single-stranded oligonucleotides
that bind a specific target protein with high affinity. BAX499 is
a polyethylene glycol-conjugated aptamer that binds to TFPI
(Kunitz-1 and Kunitz-3 domains) and blocks TFPI inhibition of fXa
and fVIIa. The aptamer improved whole-blood clotting times, clot
formation, and thrombin generation in plasmas of patients with
hemophilia A and B.40 The phase 1 clinical trial was terminated early
as a result of increased bleeding phenotypes in patients with he-
mophilia and elevated full-length TFPI levels. This was ultimately
attributed to partial TFPI inhibition and inhibited TFPI clearance as
a result of aptamer binding of the Kunitz-3 C-terminal domain of
TFPI.41

Other agents
A recombinant fVIIa fusion protein that links rfVIIa to albumin
(rfVIIa-FP) is a promising agent that has shown extended half-lives
in a variety of species (ie, mice, rats, rabbits, monkeys) compared
with rfVIIa.42 The phase 1 randomized, placebo-controlled trial
demonstrated half-life extension 3- to 4-fold greater (range, 6.1-9.7 h)
than rVIIa after a single intravenous infusion of rfVIIa-FP in healthy
volunteers.43 There were no antidrug antibodies or serious adverse
events. Phase 2/3 trials in patients with hemophilia A and B with
inhibitors are currently enrolling. There have been other bio-
engineered extended half-life rfVIIa products, including glyco-
pegylated rfVIIa (N7-GP) and BAY86-6150, developed; however,
the clinical trials were prematurely stopped because of a lack of
a dose-response or development of neutralizing antidrug antibodies
with rfVIIa cross-reactivity in a patient with hemophilia with
inhibitors.44,45

Recently, a recombinant B-domain deleted porcine fVIII (rpfVIII)
product, Obizur (Baxalta), was approved by the US Food and Drug
Administration for use in patients with acquired hemophilia A.46

rpfVIII functions as a replacement fVIII therapy because of reduced

cross-reactivity with antihuman fVIII inhibitors as a result of
nonhomologous differences in sequence identity between porcine
and human fVIII.47 A randomized, placebo-controlled phase 1 trial
of 9 patients with congenital hemophilia A and a history of in-
hibitors evaluated the safety and pharmacokinetics of a single dose
of rpfVIII (n5 4) vs a highly purified plasma-derived pfVIII Hyate:
C (Ipsen; n5 5).48 Similar fVIII activity was achieved after rpfVIII
and Hyate:C infusions without significant anti-porcine fVIII in-
hibitors. In a phase 2 open-labeled trial, rpfVIII demonstrated
hemostatic efficacy and safety in 9 patients with congenital he-
mophilia A and inhibitors.49 Larger, phase 2/3 studies are necessary
to determine whether porcine fVIII would provide durable he-
mostatic efficacy in patients with congenital hemophilia A with
inhibitors.

Conclusions
Inhibitors remain a challenging complication of treatment in patients
with hemophilia. The process of inhibitor eradication through im-
mune tolerance therapy is the standard of care and optimal long-term
strategy for prevention of future bleeds and restoration of factor
efficacy. However, ITI is a time-intensive and costly commitment
that can impose substantial psychological and financial stressors on
families. There are currently limited available agents beyond the
BPAs to prevent and treat bleeding in inhibitor patients who have
frequent bleeding episodes, fail ITI, relapse, or present with poor-risk
features at high risk for ITI failure. Several questions remain re-
garding the optimal therapeutic approach in poor-risk patients.
Nonetheless, there are several novel therapies in development or
active clinical trials that may potentially lessen the burden of disease
and reduce bleeding risk in patients with hemophilia with or without
inhibitors.
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