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Individuals with severe hemophilia have benefitted from 5 decades of advances that have led to widespread availability
of safe and efficacious factors VIII and IX, a multidisciplinary integrated care model through a network of specialized
hemophilia treatment centers, and aggressive introduction of prophylactic replacement therapy to prevent bleeding and
preserve joint health. Yet, there are remaining challenges and treatment gaps which have prevented complete abro-
gation of all joint bleeding, and progressive joint deterioration may continue in some affected individuals over the course
of a lifetime. Some of these challenges can now be addressed with recombinant clotting factors with extended half-life
that may improve adherence to prophylaxis regimens through more convenient infusion schedules, maintain higher
plasma levels for longer when clinically necessary, and allow for better adaptation to individual phenotypic and
pharmacokinetic variability. Real-world case studies will be presented that illustrate practical application of these newly
approved therapies in clinical practice and the clinical trial data that have demonstrated the potential for improved
clinical outcomes by implementing these strategies.

Learning Objectives

• Learn the therapeutic strategies that have greatly improved the
long-term outcomes in hemophilia

• Learn from real-world case studies several practical applications
for extended half-life clotting factors to address remaining
challenges and treatment gaps that may lead to further advances
in long-term outcomes in hemophilia

What are the current clinical outcomes in
severe hemophilia?
The current generation of individuals with congenital deficiency of
factor VIII (FVIII; hemophilia A) or factor IX (FIX; hemophilia B)
are benefitting from 5 decades of advances in therapeutics and
clinical care that have provided widespread availability of safe and
efficacious clotting factor concentrates and a network of centers
of excellence (hemophilia treatment centers [HTCs]). The HTCs,
consisting of a core team of hematologists, specialized hemophilia
nurses, physical therapists, social workers as well as other spe-
cialized care providers, have implemented best practices and an
evidence-based integrated care model that have produced greatly
improved health outcomes. These advances can be seen to have
occurred through 2major waves of advances (Figure 1). The first was
the development of cryoprecipitate and then lyophilized purified
clotting factor concentrates which allowed for full correction of
clotting factor levels and ushered in an era of home infusion therapy.
For the first time, bleeding events could be treated quickly and
efficiently and persons with hemophilia (PWH) could be liberated
from the hospital urgent care and clinic infusion facilities. However,
even with prompt effective treatment of bleeds, PWH would go on
to develop significant long-term complications, particularly due to
recurrent hemarthroses, with progressive arthropathy and negative

impacts on physical and social functioning. The second wave oc-
curred through the implementation of prophylaxis strategies.1 The
initial rationale for prophylaxis was the observation that those with
moderate hemophilia (factor levels of 1%-5%) experienced few
spontaneous joint bleeds and rarely developed significant arthrop-
athy. This led to the hypothesis that maintaining a plasma FVIII or
FIX level of at least 1% or higher would lead to a more moderate
phenotype with a concomitant reduction in spontaneous joint bleeding
and subsequent arthropathy. Primary prophylaxis in children (regular,
continuous replacement therapy, initiated in the absence of documented
joint disease) has been proven to prevent joint bleeding and overall
bleeding and can prevent joint disease with health-related quality of life
(HRQoL) measures that are indistinguishable from their unaffected
peers. Secondary prophylaxis, initiated in individuals who have already
established a pattern of recurrent joint bleeds, has also been demon-
strated to prevent joint and overall bleeding, slow the progression of
joint disease (improved clinical joint status, improved orthopedic joint
scores),2 permit increased activity levels including sport participation,
reduce school/work absences, and improve HRQoL. Tertiary pro-
phylaxis in adolescents and adults, where prophylaxis is initiated after
joint disease has already been established, has also been shown to
reduce joint bleeding, maintain mobility, reduce work absences and
pain, and improve HRQoL. Thus, prophylaxis, with an emphasis on
widespread implementation of primary prophylaxis in the youngest
cohort of boys, has been established as the gold standard of modern
hemophilia care.

However, there remain several challenges and unmet needs (Figure 2).
There continue to be barriers to adoption and adherence to prophylaxis.
Venous access can be a significant challenge affecting the timing of
initiation of prophylaxis in infants or driving the need for implantable
central venous catheters. Regular prophylaxis requires a significant
time commitment for PWH and their families. Costs for prophylaxis
can be between $150 000 and $300 000 per year (US dollars). Current
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therapeutic products have not eliminated the risk for inhibitors. These
antibodies that develop in response to the infused clotting factors
neutralizing their efficacy occur in up to 30% of those with severe
hemophilia A. The impact of these challenges has been recently
highlighted in a birth cohort anlysis from a longitudinal data set within
the US HTCs in cooperation with the Centers for Disease Control and
Prevention.3 This study examined 4 birth cohorts (era Awithmen born
prior to 1958; era B men born 1958-1975; era C born 1976-1982, and
era D born 1982-1993). Though there was an increasing proportion
reporting the use of prophylaxis therapy with each of the successively
younger eras (roughly half of those in era D), the results showed that
frequent bleeding remained prevalent even in era D despite modern
hemophilia care strategies. Notably, 1 in 3 participants with severe
hemophilia reported .5 bleeds in 6 months and 1 in 4 reporting
a target joint for recurrent hemorrhages. Although the prevalence of
disability in this latter cohort is low presently, the concern would be that
over a 25- to 30-year time frame, this unacceptable rate of recurrent

joint hemorrhages could continue a trajectory of joint disease similar to
prior cohorts unless there is continued improvement in strategies for the
prevention and treatment of bleeding.4

Current approaches to prophylaxis have greatly improved the out-
comes of PWH, and the annualized bleed rate (ABR) and annualized
joint bleed rate have been used as surrogates for the efficiency of
prophylaxis regimens. Studies using intensive regimens have shown
mean ABRs from 2 to 5 and mean annualized joint bleed rates of
0.5 (~1 joint bleed every 2 years). However, even with such a low
rate of annualized joint bleeding, joint disease may progress slowly
over several decades.4 Thus, there remains opportunity to further
improve these long-term outcomes.

Aspirationally, it remains the goal to eliminate all bleeding, joint
bleeding in particular, in order to better preserve joint function over
the course of a lifetime, with the least burden to the PWH or their

Figure 1. Major advances in therapy for hemophilia and their associated outcomes.

Figure 2. Current outcomes and remaining challenges in therapeutic strategies for hemophilia.
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caregiver. The target for most trough levels for prophylaxis have
been $1%. Although Collins et al5 showed that the likelihood of
having an ABR of 0 steadily declines as the number of hours per
week spent with a FVIII level below 1% increases, this remains an
arbitrary value above which hemorrhages can still occur and below
which bleeding is not inevitable.6 Pharmacokinetic (PK)-guided
prophylaxis dosing of FVIII and FIX considers the wide variabil-
ity in half-life that can be observed across all age ranges and has been
shown that it can facilitate reduced frequency of infusion compared
with standard programmatic dosing and intervals by targeting the
individual to maintain a specific trough level. However, other factors
may be influencing bleeding in PWH, such as the musculoskeletal
status of their joints and their individual activity level. Thus, even the
target trough level may need to be individualized. Such strategies
also require laboratory data and PK models to determine an in-
dividual’s half-life with strict adherence to the dose/interval. In
addition, the half-life of some PWH may not allow for an extended
interval between doses without significantly higher dosing, adding to
an already costly replacement therapy.

Can EHL products improve on current outcomes?
The half-life of conventional FVIII and FIX products (~12 hours and
~16-18 hours, respectively) drives the frequency of their infusions
for efficient bleed control through prophylaxis (generally 3 times per
week or every other day for hemophilia A and 2-3 times per week for
hemophilia B). Several new products have been recently approved or
are in development with an extended half-life (Figure 3). Products
with an extended half-life could allow for prolonged protection from
bleeding episodes and reduce the frequency of infusions. The reduced
burden of administration could then lead to enhanced compliance
with a prophylactic regimen providing still greater prevention of
bleeding episodes and, ultimately, may improve long-term out-
comes. Alternatively, extended half-life (EHL) factors may allow
trough activity levels to remain above key thresholds for longer
periods relative to conventional factor products. Longer half-lives
and reduced clearance could lead to reduced factor consumption,
while maintaining or improving protection from bleeding, leading to
reductions in hemophilia-related complications and their associated
cost burden.

Four broad strategies have been explored to date7 (Figure 4).
PEGylation involves the covalent attachment of polyethylene glycol
to FVIII or FIX to enhance the PK, pharmacodynamic, and immu-
nogenic properties of the molecules. PEGylation increases the
circulating half-life for FVIII and FIX potentially by reducing
the binding capacity of the PEGylated protein for their clearance
receptors. PEGylation of therapeutic molecules has generally
been considered to have a low risk of immunogenicity and may
even reduce their immunogenicity. Fusion of the Fc domain of
human immunoglobulin G1 (IgG1) to therapeutic proteins through
recombinant technology takes advantage of a natural biological
pathway centering on the neonatal Fc receptor (FcRn) that prolongs
the half-life of circulating IgG. Fc fusion molecules are taken up by
the cell via pinocytosis and/or endocytosis. The Fc domain sub-
sequently binds to FcRn, which resides within endosomal com-
partments, at acidic pH. The FcRn then shuttles the Fc fusion
molecule back to the plasma membrane and releases it into circu-
lation at neutral pH, thereby diverting away from lysosomal deg-
radation, thus delaying clearance and extending the functional
plasma half-life. This FcRn-mediated protective pathway is also used
by endogenous albumin, and recombinant fusion with albumin
is another strategy that has been applied to prolong the half-life of
FIX. The third strategy has been directed at optimizing the protein
structure and posttranslational modifications of recombinant FVIII
(rFVIII) such that it has enhanced interaction with von Willebrand
factor (VWF). This may be achieved with single-chain forms of
rFVIII as well as enhanced cell lines to optimize tyrosine sulfation.
Finally, expression of rFVIII in human cell lines may also lead to
improved PK properties by the elimination of nonhuman glycans.8

What have we learned from the EHL factor
clinical trials?
The published phase 1 through 3 programs for the EHL factors to
date have all demonstrated that they:

• improved PK properties of the bioengineeredmolecules (range of half-
life extension of 1.2- to 1.5-fold for FVIII and 3- to 5-fold for FIX),

• were well tolerated with no inhibitors in previously treated patient
populations, and

Figure 3. FVIII and FIX therapeutic agents recently approved or in late-phase clinical development. Approved agents are presented with their
trademarked names as TM. Agents in the late-phase trials discussed in this review are indicated by their clinical names. Fc fusion and albumin fusion
denoted by Fc and FP. Human-cl rh indicates human cell line recombinant human. EHL, extended half-life. Adapted from Impact Education, LLC/National
Hemophilia Foundation/Postgraduate Institute for Medicine with permission.43
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• were efficacious in the treatment and prevention of bleeding ep-
isodes (see comprehensive reviews9-12).

The prophylaxis regimens that were part of these pivotal clinical trial
programs followed 4 strategies:

1. Programmatic prophylaxis (fixed dose and interval): once weekly
for FIX and twice weekly for FVIII,

2. PK-driven (dosed to a target trough, fixed interval),
3. Phenotypic-driven (variable dose and interval according to

bleeding pattern and activity), and
4. Convenience-driven (higher dose, longer interval).

This has led to regulatory approval in the United States for 2 EHL
FVIII products (rFVIIIFc, PEGylated FVIII) and 2 EHL FIX
products (rFIXFc, rFIX-FP) within the past 2 years (Figure 3). This
has given clinicians within the United States an opportunity to use
such regimens within their patient population. What follows is
a series of clinical cases adapted from real experiences at our HTC
that demonstrate how implementation of EHL factors within the
population is having a significant impact on clinical outcomes.

How I treat with EHL factors for nonadherence
Case 1
A6-year-old boywith severe hemophiliaAwas transferred to ourHTCat
age 3 years. He had been managed outside of the HTC network with on-
demand infusions and had a clinical history of recurrent bleeding pri-
marily into the left ankle (ie, target joint). He was placed initially on
a rFVIII at 50 IU/kg every other day and the family was trained in
peripheral venipuncture. The family struggled with adherence over 3
years and had continued problems with recurrent hemarthroses into
bilateral ankles. Hismotherwas typicallymanaging 2 infusions perweek.
Hewas placed on rFVIIIFc at 50 IU/kg twice weekly. Within 6 months,
he had complete resolution of target joint bleeding and, following an
additional 6 months on this regimen, his clinical manifestations of
ankle synovitis had also resolved. A 72-hour trough FVIII activity
was 7% by 1-stage clotting assay and 5% by chromogenic assay.

This case illustrates common challenges when prophylaxis is not
instituted early in life. There is increased likelihood of nonadherence,
a failure to adapt to the changing needs of the child related to increased
physical activity, and reduced efficacy of prophylaxis once joint disease
has been established.13 Without a significant intervention, this boy
would be destined to progressive joint disease and likely debilitating
arthropathy in early adulthood. Nonadherence in this case was not
related to difficulty with venous access, thus a central venous access

device would likely not have altered the clinical course. Even doubling
the dose of the prior rFVIII would have added only 1 additional half-life
of time with FVIII levels in a potentially hemostatic range and may not
have provided sufficient trough levels to suppress target joint bleeding.
The switch to a programmatic prophylaxis regimen, patterned after the
clinical trial program with rFVIIIFc, allowed for continuing a twice-
weekly regimen and resulted in trough levels sufficient to suppress
target joint bleeding. In our clinical experience, the efficacy of pro-
grammatic prophylaxis with the reduced intervals that can be realized
with the EHL factors has also proven effective at converting adults
who have remained on on-demand treatment protocols onto tertiary
prophylaxis. This has been particularly true with EHL FIX where
a once-weekly regimen has been well received as a starting regimen
with further interval extension as the patient’s clinical response
allows. The long-term safety and efficacy of rFVIIIFc and rFIXFc in
children and adults is being collected in the ASPIRE14 and B-YOND
(NCT01425723) extension studies. No inhibitors to FVIII or FIX
have been observed. In an interim analysis, 86.9% of the subjects
remain on twice-weekly dosing with rFVIIIFc with a median average
weekly consumption of 99.9 IU (interquartile range: 88.6, 114.2) in
children,6 years and 91.2 (81, 107.9) in children 6 to,12 years of
age. Adolescents and adults were able to achieve lowABRswith a fixed
weekly dosing arm (20-100 IU/kg every 7 days) and 13.7 days in an
individualized prophylaxis arm (100 IU/kg every 8-16 days or twice
monthly). A retrospective analysis from a database of specialty phar-
macy provider records15 included 118 individuals with hemophilia B,
median age 20 years (2-63 years) and 520 individuals with hemophilia
A, median age 18 years (1-77 years). From this early real-world uti-
lization data, it was observed that 76.1% were using rFIXFc with
a dosing frequency of every 7 days and 23.9% .7 days. There was
more variability observed for rFVIIIFc with 65.7% of adults dosing
between twice weekly and every 5 days and 11.9% dosing weekly.

How I treat new-onset target joint bleeding with
EHL factors
Case 2
An 8-year-old boy with severe hemophilia A had been been on
primary prophylaxis since the first year of life. His ABR had been
0 to 1 on rFVIII 50 IU/kg every other day with FVIII trough level
of 2 IU/dL. However, recently he had been having recurrent
bleeding into his elbows bilaterally (up to once per month). This
correlated with increased competitive participation in basketball.
Physical examination demonstrated mild bilateral elbow synovitis
with mild loss of range of motion bilaterally. He was transitioned to

Figure 4. Strategies to extend the half-life of recombinant clotting factors.
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PEGylated FVIII at 50 IU/kg every other day. He had no further elbow
bleeds over the subsequent 6 months and prior clinical manifestations of
mild synovitis also resolved.

This boy was already on an aggressive prophylaxis regimen.
Doubling his dose of rFVIII likely would have raised his trough
level to ~4 IU/dL. The family was not interested in switching to a
daily dosing regimen nor was he willing to withdraw from his sport
participation. Following the switch to an EHL FVIII, his 48-hour
trough level was 15 IU/dL. This case highlights an important
observation from long-term outcomes of PWH across the spectrum
of severity. Den Uijl et al showed that patients with severe he-
mophilia (,1%) experience more joint bleeding than do those with
moderate (1%-5%) and mild disease (.5%) with a particularly
steep reduction in ABR to ~1 to 2 for PWH with baseline levels
approaching 3% to 5% and essentially no observed joint bleeding
with baseline levels .12% to 15%.16 In addition, the prophylactic
regimens in the pivotal trials for several of the EHL factors have
shown their significant impact on joint bleeding and this correlates
with substantially higher trough levels. In the phase 3 trial for
N8-GP, on a prophylaxis regimen of 50 IU/kg every 4 days, the
mean plasma half-life was 18.4 hours with a mean trough level of
8% and subjects maintained an ABR of 1.3 (median).17 The phase
3 trial for N9-GP examined prophylaxis regimens of 10 IU/kg and
40 IU/kg weekly.18 Subjects had a mean half-life of 110 hours with
mean FIX trough levels of 9.8% (95% confidence interval, 8.0%-
11.9%) and 21.3% (95% confidence interval, 18.9%-24.1%), re-
spectively. Notably, on the 40 IU/kg per week regimen, two-thirds
of subjects had complete resolution of target joints. Subjects in the
phase 3 trial for rFIX-FP treated with a regimen of 40 IU/kg weekly
exhibited a mean half-life of 102 hours, mean trough level of 20%
(interquartile range, 17%-26%), and had 100% resolution of target
joints.19 In addition, there were 13 subjects in the pediatric phase 3
trial of rFVIIIFc with target joints at baseline.20 Twelve of the 13
subjects did not continue to meet the prespecified definition for
target joints while on rFVIIIFc prophylaxis and 7 subjects had
no target joint rebleeding while on study. Broderick et al studied
the association of physical activity and factor level with risk of
bleeding in children.21 They observed that bleeding incidence was
lower by 2% for every 1% increase in clotting factor level. Al-
though several other studies would seem to confirm a poor cor-
relation between trough factor levels and risk of bleeds while on
prophylaxis,6 those studies have examined predicted trough levels
that are typically ,5 IU/dL. The improved PK properties of the EHL
factors can now allow for much higher targeted trough levels than could
be practically achieved previously. With further follow-up from case 2
patient’s intervention, and resolution of his target joint manifestations, it
is likely that he would be able to reduce his dosing interval toward an
even more cost-effective prophylaxis regimen.

How I treat using PK tailoring with EHL factors
Case 3
A 21-year-old with severe hemophilia A transferred to our center at
age 19 years after mostly on-demand therapy throughout childhood.
He had started prophylaxis at 40 IU/kg every other day with rFVIII
but struggled with adherence and had continued bleeding. Target
joints had been bilateral ankles and elbows with progressive loss of
range of motion and chronic pain consistent with established ar-
thropathy. His 48-hour trough level was ,1 IU/dL. Notably, his
baseline VWF antigen (Ag) level was 52%. Increasing his dose to
50 IU/kg reduced his breakthrough bleeding. However, the patient

was motivated to reduce the frequency of his infusions. He was
transitioned to rFVIIIFc at 50 IU/kg 3 days per week achieving
a trough FVIII level of 12 IU/dL. This was adjusted down to 30 IU/kg
3 days per week with a trough FVIII level of 8 IU/dL. At a follow-up
visit on this regimen, he had no reported bleeds in the preceding
3 months and indicated that his “pain was more manageable.”

PK-tailored dosing was explored in several of the phase 3 clinical
trials with EHL factors. In the phase 3 study of rFVIIIFc in adolescents
and adults,22 1 of the interventions was an individualized prophylaxis
arm in which the subject’s PK parameters were used to guide indi-
vidual adjustments to the dosing interval (down to 3 days or up to
5 days) as well as dose (up to 65 IU/kg) to target a trough FVIII level of
1 to 3 IU/dL or higher as needed to maintain good control of
breakthrough bleeding. This led to a median dosing interval of 3.5 days
with 30% of the subjects on every 5 days’ dosing by the last 3 months
of the trial, with subjects maintaining a median ABR of 1.6. In the
phase 3 trial of rFIXFc,23 a similar prophylaxis strategy was evaluated
in which subjects were initially started at 100 IU/kg every 10 days and
the dose was adjusted as needed. The median dosing interval was
12.5 days with 53.8% of the patients who were in the study for at least
6 months having a dosing interval of 14 or more days during the final
3 months of the study. In the pediatric (,12 years old) phase 3 trial of
rFVIIIFc,24 all patients were initially placed on a starting regimen of
twice-weekly prophylaxis (day 1, 25 IU/kg; day 4, 50 IU/kg) and the
dose (#80 IU/kg) and dosing interval ($2 days) adjusted based on the
subject’s available PK data and observed bleeding patterns. The
median dosing interval was 3.5 days, however, ~90% of the subjects
were on twice-weekly dosing at the end of the trial with a median
average weekly rFVIIIFc dose over the course of the study of
88.11 IU/kg per week. In the phase 2/3 pivotal trial for BAX855,25

a PEGylated full-length rFVIII, patients were assigned a dose of
45 IU/kg 6 5 IU/kg twice weekly in the prophylaxis arm based on
insights from the subjects’ PK parameters that that dose would ensure
that the majority of subjects would maintain FVIII levels above 1% at
all times. The median ABR was 1.9 for the prophylaxis study arm
with 39.6% of subjects experiencing zero bleeds during the study
period. These observations on PK-guided prophylaxis were also
confirmed by the Advate Prophylaxis Study26 in which standard
prophylaxis (20-40 IU/kg every other day) was compared with
a PK-tailored prophylaxis (20-80 IU/kg every 3 days). Both
regimens were intended to maintain FVIII trough levels at or above
1%. Median ABRs were comparable for the 2 prophylaxis regimens
(1.0 and 2.0 for standard and PK-tailored prophylaxis, respectively).
Thus, PK tailoring shows good efficacy in bleed control in these
prospective studies. There are several challenges with this approach.27

First, the impact on long-term outcomes still requires using a low ABR
as a surrogate for the likelihood of either preserving healthy joints with
primary prophylaxis or delaying the progression of joint disease in
secondary prophylaxis. Confirming this in a long-term study would be
very difficult and require considerable resources. Second, it has gen-
erally been practically difficult to conduct PK evaluations in individual
patients outside of clinical studies given the number of sampling points
required. Clinicians may rely on trough levels, however, with trough
levels typically close to 1%, this introduces analytical challenges.6 PK
estimation by Bayesian analysis based on population PK models
allows for improved confidence from just a few sampling points
earlier in the PK curve when FVIII or FIX plasma levels are in a more
suitable range.28 Knowledge of individual PK with the EHL factors
is likely to be even more important given the extended intervals
between dosing and the unpredictable impact of the bioengineering
approach within individual patients. Population PK models with the
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EHL factors are not yet available for routine clinical use to help guide
PK tailoring, though a database has been launched by a research
group at McMaster University (the Web-based Application for the
Population Pharmacokinetic Service [WAPPS]-Hemo Project; http://
www.wapps-hemo.org) to develop these.

Case 3 also illustrated the role of endogenous VWF levels on an in-
dividual’s PK parameters. His relatively low VWF level is likely
contributing to reduced recovery and half-life. VWF:Ag levels have
shown correlation in all the EHL FVIII studies consistent with the role of
VWF in protecting FVIII from premature clearance from plasma. Thus,
this is another consideration in interindividual differences that may drive
PK tailoring. This patient was also targeted to a higher trough level than
those in the PK-tailored arms of the pivotal trials with EHL FVIII. His
clinical course is, however, supported by improved bleed prevention
with this strategy. PK tailoring to a higher trough level will now be
explored in a phase 3, prospective, randomized, multicenter study
(PROPEL, NCT02585960) in adolescents and adults to compare the
outcomes of PK-guided treatment with PEGylated full-length FVIII
targeting FVIII trough levels to 1% to 3% vs ~10% (8%-12%). Such
a trial would have been difficult to conduct with traditional rFVIII but can
now be realized due to the improved PK parameters with EHL FVIII.

How I treat inhibitors by immune-tolerance induction
with EHL factors
Case 4
A 6-year-old with severe hemophilia A had a history of developing
a high-titer inhibitor within the first year of life. He began daily
high-dose immune-tolerance induction (ITI) with rFVIII. How-
ever, he had no decline in his inhibitor titer over a 6-month period.
He was switched to a VWF-containing plasma-derived FVIII
with no improvement over an 18-month period with his inhibitor
remaining 41.8 Bethesda units (BU). He was initiated on rFVIIIFc
at 100 IU/kg daily. His inhibitor declined within a few weeks of ini-
tiation on rFVIIIFc reaching a negative inhibitor titer at 6 months later
and normal recovery a few months later. He now maintains effective
bleed prevention on a 3-times-per-week regimen of 50 IU/kg.

There have not been any inhibitors observed in the previously
treated patient population within the clinical trial programs for
rFVIIIFc.14 The trial in previously untreated patients has launched
(NCT02234323) and will likely accumulate some experience with ITI
over the coming years. However, the use of rFVIIIFc ITI for existing
patients is rational based on several lines of preclinical and clinical
evidence. Borel demonstrated that coupling of haptens to IgG can
induce Ag-specific tolerance with evidence that the Fc portion of IgG
was required.29 Zambidis and Scott demonstrated that IgG fusion
molecules can modulate cellular and humoral immune responses to
immunodominant epitopes andwas likely attributable to their prolonged
half-life, andmediated by Fc receptor–mediated uptake and presentation
by nonprofessional Ag-presenting cells, such as resting B cells,
and by mechanisms involving the crosslinking of IgM to FcRs.30

There is experimental evidence that IV immunoglobulin can induce
regulatory T cells (Tregs).31 Lei and Scott showed that immuno-
globulin engineered with immunogenic regions of FVIII can be
used to induce tolerance in a hemophilia mouse model.32 Tregi-
topes are Treg epitope sequences in immunoglobulin that can
trigger expansion of Tregs.33 The potential presence of Tregitopes,
the asparagine-linked glycans, and differential fucosylation and
sialylation within the Fc region of immunoglobulin may all con-
tribute to the tolerance-inducing effect of IV immunoglobulin

therapy.34,35 In addition, FcRn-mediated transfer of Fc-fused
immunodominant domains of FVIII conferred Ag-specific toler-
ance in a hemophilic mouse model by taking advantage of the same
mechanism by which immunoglobulin crosses the maternal-fetal
circulation.36

There are now case reports of ITI using rFVIIIFc. Groomes et al
reported on a 15-month-old African American boy with severe
hemophilia and and a high titer inhibitor who was initiated on
3-times-per-week ITI with rFVIIIFc at 50 IU/kg per dose.37 His
inhibitor declined from 11 BU to 0.7 BU over 10 months of ITI
treatment. Malec et al reported on 3 children with severe hemophilia
A and an inhibitor .5 BU.38 The historic peak titers were 16 to 422
BU and this was a salvage ITI in 1 patient. ITI was initiated with
rFVIIIFc at 100 to 200 IU/kg every other day. Time to negative BU
was 4 to 12 weeks, which is considerably shorter than with current
rFVIII ITI regimens. They have now launched a prospective obser-
vational study of rFVIIIFc ITI pre- and post-ITI T-cell responses in
children with hemophilia and inhibitors, the Hemophilia Inhibitor
Response to Eloctate (HIRE) study. In addition, this same team of
investigators is leading the INHIBIT study (NCT02196207), a multi-
center, phase 2, single-arm, 48-week trial, to determine whether
rFVIIIFc reduces inhibitor formation in previously untreated chil-
dren when begun before a bleed or surgery or trauma (preemptive)
and continued once weekly to prevent bleeds (prophylaxis).

The next waves of therapy for hemophilia
It is reasonable to expect that long-term outcomes will continue to
improve with continued engagement by PWH with their HTCs, ag-
gressive efforts toward early initiation of continuous lifelong pro-
phylaxis, and integration of EHL factors into routine clinical practice.
However, the EHL factors have not addressed all of the treatment gaps
for hemophilia care. Liberation from the need for IV access, avoidance
of inhibitors, and achievement of steady-state hemostatic correction
have still not been realized. The Survey of Inhibitors in Plasma
Product-Exposed Toddlers (SIPPET) study reported a higher in-
cidence of inhibitors in previously untreated patients with the rFVIII
class of products compared with the VWF-containing plasma-derived
FVIII product class.39 This study primarily included first- and second-
generation rFVIII products. It is reasonable to explore whether
innovations such as PEGylation, fusion proteins, enhanced VWF in-
teraction, and human cell line–derived rFVIII may lead to a reduction in
inhibitors among previously untreated patients, although they are un-
likely to eliminate this risk. Another wave of therapeutic agents,40 al-
ternative nonreplacement therapies, are likely to bring us closer to
eliminating these remaining gaps. These include bispecific antibodies
with FVIII mimetic properties, inhibitors of the “brakes” of coagulation
such as antitissue factor pathway inhibitors, and antithrombin
knockdown via small interfering RNA technology. These will be
discussed within this year’s educational program in the context of novel
therapeutics for hemophilia complicated by inhibitors, however, the
clinical trial programs have also included noninhibitor patients. These
have shown to be efficacious in phase 1/2 studies when administered
subcutaneously, with relatively low intensity due to their prolonged
half-life. With no exposure to FVIII or FIX, there would be no context
for alloinhibitor development with these agents. Recent successes with
gene therapy for both FVIII and FIX have increased enthusiasm for this
approach41,42 to not simply convert severe disease to moderate or mild
but perhaps true, durable, curative plasma FVIII and FIX levels. We are
likely on the cusp of these next 2 paradigm shifts9 in hemophilia care
within the next 2 to 3 years. We can now look forward to additional
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“How I treat…” sessions with nonreplacement therapies and gene
therapy at future educational symposia.
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