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Hemophilia A is an inherited deficiency of clotting factor VIII (FVIII) often complicated by
inhibitor development (CHAWI) in which neutralizing antibodies block the therapeutic benefit
of replacement therapy. Inhibitors to FVIII can also be seen in an auto-immune disease known
as acquired hemophilia A (AHA). ‘Bypassing’ therapies have been shown to provide
hemostasis but dosing must be done empirically because current assays cannot measure
objective markers of treatment efficacy and safety. A recombinant porcine sequence factor
VIII (r-pFVIII) has been developed for the management of AHA. Preclinical, Phase I and
Phase II clinical research studies in CHAWI subjects showed therapeutic potential and safety
of this agent. A Phase II/III study in AHA with serious bleeding episodes shows a positive
response in all subjects after administration. Based on current preclinical and clinical trial data,
r-pFVIII should become the first line of treatment in the management of hemorrhage in
patients with AHA.
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The development of inhibitory antibodies to
clotting factor VIII (FVIII) is invariably associ-
ated with hemorrhagic manifestations that are
a challenge to control. These inhibitory anti-
bodies are seen complicating the management
of congenital hemophilia A (CHAWI) and are
also associated with a rare acquired autoim-
mune disorder, acquired hemophilia A (AHA).

Hemophilia A is a sex-linked inherited hem-
orrhagic disorder associated with mutations to
the FVIII gene. Severe hemophilia A is associ-
ated with virtually no detectable clotting factor
activity in the patient’s plasma. These patients
sustain frequent bleeds into the major joints,
muscles around these joints and even experi-
ence life-threatening bleeds [1]. The most effec-
tive approach for the treatment of acute
bleeding episodes in patients with hemophilia
A is FVIII replacement therapy that can be
sourced from human plasma pools or from a
recombinant biotechnological manufacturing
process utilizing well-characterized cell lines.

Since the FVIII plasma level correlates with
efficacy, these levels can be monitored during
treatment [1]. Between 20 and 30% of children
with hemophilia A develop an inhibitory allo-
antibody to the therapeutic protein that blocks
function of the clotting factor activity
(CHAWI), resulting in inadequate or loss of
therapeutic effectiveness. Control of bleeding
thus becomes a major challenge [1,2].

Unlike CHAWI, individuals who develop
acquired auto-antibodies to FVIII (AHA) have
a history of normal hemostasis, but present
with a severe bleeding diathesis associated with
autoimmunity. These auto-antibodies neutral-
ize endogenous human FVIII creating an
acquired functional deficiency of procoagulant
activity [3,4].

AHA is a rare disorder with an incidence of
about 1.4 per million patients per year and
primarily affects elderly individuals [3,5,6]. The
clinical presentation is often severe hemor-
rhages that are anatomically diverse and result
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in a mortality rate from hemorrhage between 3 and 20% [3,5,6].
These hemorrhages are often complicated by the elderly
patients’ co-morbidities. Bleeding is often spontaneous or in
response to minimal trauma. The objectives of treatment in
AHA are to stop the acute bleeding and to eradicate the auto-
immune antibodies [3].

The development of bleeds due to these allo- or auto-
antibodies in subjects with inherited or AHA, respectively, pre-
vents treatment with human FVIII, unless the inhibitor titer is
low. Alternative hemostatic therapies for patients who have high
titer anti-human FVIII antibodies are generally bypassing agents,
such as activated recombinant factor VII (rFVIIa) and activated
prothrombin complex concentrate. Unlike factor replacement
therapy, which replaces the missing clotting factor, bypassing
agents go around (bypass) the inhibitor-blocking step of clotting
pathway to allow the coagulation process to proceed. Bypassing
agents are associated with an increased risk of thrombotic events
in the AHA patient population that are already at a higher risk
due to age and the presence of comorbidities [6–8]. With bypass-
ing agents, therapeutic dosing cannot be assessed; the plasma
FVIII level is not a clinically relevant surrogate marker as for
replacement therapy and the dosage does not correlate with clin-
ical outcome. Thus, hemostatic efficacy of bypassing agents is
typically determined by clinical assessments alone, which
increases the risk of inducing thrombotic events and/or ineffec-
tive bleed control [3,5,6]. Further, bypassing agents are associated
with a 10–30% failure rate in clinical studies [9–11]; therefore,
alternative therapies for the treatment of hemophilia patients
with antibodies against FVIII are highly desired.

Plasma-derived porcine FVIII (Hyate:C), fractionated from
pig plasma, was used successfully but on a limited basis, for
over two decades in CHAWI and AHA [12–14]. Patients with
inhibitors to FVIII are likely to have lower initial inhibitor
titers against porcine factor VIII (p-FVIII) versus titers against
human FVIII [12–14]. Patients with AHA have weaker immune
responses against p-FVIII [13,14]. However, adverse events (AEs)
were described that include allergic reactions, anaphylaxis,
thrombocytopenia and anamnesis [12–14]. These reactions and
reductions in platelet count were believed to be caused by por-
cine non-FVIII proteins present in the product. In fact, FVIII
was only around 1% of the total protein content [12]. Specifi-
cally, the thrombocytopenia was attributed to porcine von
Willebrand Factor, due to the spontaneous agglutination of
human platelets by porcine von Willebrand Factor [15,16].
Although the clinical benefit of using Hyate:C was high, the
safety at doses above 150 U/kg limited its use to severe bleed-
ing episodes where the benefit-to-risk ratio was highest [13,14].

The use of p-FVIII as a beneficial treatment modality was
assessed in several clinical settings. In studies in the USA and
Europe [17,18], p-FVIII treatment was assessed in subjects with
FVIII antibodies who had limb or life-threatening hemorrhages,
required major surgery or who had not responded to other
treatments. Of the bleeding episodes treated with p-FVIII,
84% were rated as ‘excellent’ or ‘good’ in terms of hemostatic
efficacy [17]. There are also reports using data collected via

‘registries’. The most focused of these was on data collected
from 154 CHAWI patients representing 2472 bleeding epi-
sodes [19]. The hemostasis efficacy was reported to be ‘excellent’
or ‘good’ in 79.7% of patients [19]. A second report from
France reported data in 18 CHAWI subjects and 9 subjects
with AHA, where a ‘favorable clinical outcome’ was seen in
86.2% of the 27 subjects. The AHA subjects showed a low ini-
tial inhibitor titer against p-FVIII and a weak immune response
post-treatment indicating that p-FVIII should be considered as
first-line therapy [14].

The commercial production of Hyate:C was discontinued in
2004 because of problems sourcing porcine plasma uncontami-
nated with a porcine parvovirus [12]. The successful use of
Hyate:C to treat AHA and CHAWI patients and the unmet
medical need as a result of its discontinuation provided the
basis for the development of recombinant porcine FVIII for
the treatment of AHA.

Characterization of recombinant porcine FVIII
Recombinant p-FVIII (r-pFVIII) (OBIZUR [antihemophilic
factor, recombinant, porcine sequence]) is a 1448 amino acid
heterodimer with a molecular mass of 170 kDa consisting of
domains with the sequence A1-A2-B-A3-C1-C2. The B domain
is partially deleted, retaining a 24 amino acid linker [20,21]. It is
manufactured in baby hamster kidney cell line utilizing protein-
free medium. There are two viral inactivation/removal steps of
solvent/detergent treatment and nanofiltration incorporated into
the manufacturing process [20]. The final product is stabilized
without protein and highly purified to exclude most host cell-
derived contaminants with a specific activity of approximately
9500 U/mg by the one-stage coagulation assay [21]. While the
r-pFVIII product has the same domain sequence and subunit
structure as hFVIII, there is a significant amount of divergence
in the amino acid sequence in the A2 and C2 domains, which
allows r-pFVIII to remain fairly free from inactivation by circu-
lating hFVIII antibodies. This allows functional clotting FVIII,
which is not impacted by the patient’s inhibitory antibodies and
thus unimpeded hemostasis.

Pharmacokinetic studies of r-pFVIII
The manufactured r-pFVIII has similar kinetics of clot forma-
tion and lysis to plasma-derived p-FVIII (Hyate:C) and to
recombinant human FVIII. The hemostatic activity of this
product has been demonstrated in murine and canine models
of hemophilia A. Data generated in animal models of hemo-
philia A and in clinical studies indicate that the B domain dele-
tion and its substitute with a linker has no significant impact
on functionality compared with full-length p-FVIII or full-
length human FVIII [22,23].

The purity of r-pFVIII is >95% compared with <1% in
Hyate:C. Given the increased purity of r-pFVIII, the rate of
allergic reactions is expected to be the same or greatly reduced
compared with Hyate:C. In contrast to Hyate:C, the recombi-
nant product does not contain p-VWD. In the clinical setting,
r-pFVIII activity levels can be measured using general FVIII
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activity assays with no additional assays or product-specific
reagents. In current clinical trials, both local and central labora-
tories used the WHO plasma sample for assays.

Clinical efficacy
Phase I study in CHAWI subjects

A Phase I study was carried out in nine subjects (aged
15–57 years) with CHAWI in a non-bleeding state receiving
either placebo followed immediately by 100 U/kg r-pFVIII, or
100 U/kg Hyate:C followed immediately by placebo [22].
A total of four subjects received r-pFVIII and five subjects
received Hyate:C. In this study, both r-pFVIII and Hyate:C
were well tolerated by participants. Two subjects who received
Hyate:C experienced chest pain considered infusion-related and
both responded to intravenous diphenhydramine. All other AEs
were unrelated to r-pFVIII.

Due to the characteristics of Hyate:C, the specified dosage
required administration over a relatively prolonged time period.
The area under the curve appeared to be greater in subjects
who received r-pFVIII compared with Hyate:C and these data
support that r-pFVIII has a higher bioavailability [23].

Phase II study in CHAWI subjects

A Phase II study was carried out in nine CHAWI adolescent
or adult subjects, who were experiencing a non-life or non-
limb threatening bleeding episode [24]. The dosing regimen
included a loading dose based on body weight, hematocrit and
inhibitor titer in those subjects with measurable anti-r-pFVIII
antibody titers. Nine subjects between 14 and 34 years of
age received r-pFVIII, receiving up to 8 treatment doses of
50–150 U/kg. A total of 40 OBI-1 injections were adminis-
tered to 9 subjects to treat 25 bleeding episodes. Twenty of the
25 bleeds (80%) were controlled with 1 treatment dose of
OBI-1. The median exposure day was 2 days (range: 1–8). In
the nine patients, all 25 bleeding episodes experienced were
successfully controlled with r-pFVIII.

Treatment with r-pFVIII was effective in controlling all
bleeding episodes despite the presence of high titer r-pFVIII
inhibitor levels. Following treatment, 8/9 subjects developed
anti-r-pFVIII antibodies. Levels of anti-r-pFVIII antibodies
were monitored for 28 days after each injection. The safety and
efficacy of r-pFVIII did not appear to be dependent on
r-pFVIII inhibitor titer and there was no increase in AEs or
bleeding episodes with repeated treatment doses. An indepen-
dent Data Safety Monitoring Committee recommended stop-
ping the Phase II study after reviewing data on the 25 bleeding
episodes, concluding that data on additional subjects would not
modify the conclusion that r-pFVIII was effective in establish-
ing hemostasis. The Data Safety Monitoring Committee rec-
ommended a fixed initial dose of 200 U/kg for future studies.

Phase II/III study in AHA subjects with serious or

life-threatening hemorrhage

This was a prospective, global, multicenter open-label clinical
trial of r-pFVIII in the treatment of serious bleeds in adults

with AHA and was conducted under International Conference
on Harmonisation guidelines and local Institutional Review
Board/Ethics Committee oversight [25].

Subjects with AHA may present with severe bleeding epi-
sodes that if not controlled, would lead to high morbidity or
mortality. The goal of this Phase II/III study of r-pFVIII was
to determine the hemostatic efficacy and safety of r-pFVIII in
the control of serious bleeding episodes in subjects with
AHA [25]. The primary efficacy outcome was the proportion of
serious bleeding episodes responsive to r-pFVIII therapy at
24 h after the initiation of treatment. Secondary efficacy out-
comes included FVIII activity levels, response rates at 8 and
16 h and ultimate clinical outcomes of r-pFVIII treatment
such as proportion of bleeding episodes successfully controlled
by r-pFVIII treatment.

There are no published prospective controlled studies in
AHA, likely due to the rarity of the disease, the challenges of
diagnosis, the variability of the bleeding and the lack of new
agents to treat the disease. Given these considerations, a study
was designed to treat subjects with AHA at the time of a seri-
ous bleeding episode. Additionally, this study was designed to
obtain real time FVIII activity data in order to guide treatment
and dosing in a rational manner.

Inhibitors in subjects with AHA are expected to be variable
across subjects and to change over time. The goal of this study
was to obtain both pre-infusion and post-infusion levels at
multiple time points to assess the recovery and the rate of
decline of blood FVIII levels (‘fall-off’) for each subject. The
additional treatment doses used in subjects were based on each
subject’s target FVIII levels, anti-r-pFVIII titer and other clini-
cal factors. These data are used to predict the clinical response
and to determine subsequent dosing.

Twenty-nine subjects were enrolled and treated with
r-pFVIII; however, one subject was found not to have AHA,
leaving 28 subjects evaluable for efficacy. All presented with a
serious bleed, were hospitalized and treated with an initial dose
of r-pFVIII of 200 U/kg, followed by additional doses based
on the targeted FVIII activity levels and clinical response. All
28 subjects met the primary endpoint that was a positive
response to treatment 24 h after initial r-pFVIII treatment as
defined by the study response criteria, with the majority (95%)
responding within 8 h of dosing. An effective response was
defined as bleeding cessation and ‡50% increase in FVIII. The
study defined partial response as bleeding reduction and ‡20%
increase in FVIII levels (TABLE 1). The primary bleed was con-
trolled in 16/17 (94%) subjects who received r-pFVIII as ‘first-
line’ treatment. Overall, 24/28 (87.5%) subjects had control of
the primary bleed at the time of final dosing with r-pFVIII. To
successfully control a bleeding episode, the median total dose
of r-pFVIII infused was 1580 U/kg, the median dose per infu-
sion was 116.5 U/kg and the median total number of infusions
per subject was 12.5. The median initial dose was 200 U/kg
but subsequent median doses were reduced relative to the ini-
tial dose (41.2%). After the first infusion, FVIII activity levels
were 20% and 108% by 24 h post-infusion. All subjects with
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baseline anti-porcine inhibitors had FVIII activity levels of
greater than 100% within the first 24 h.

No related serious AEs (SAEs) occurred during the study.
There were no thrombotic events or the development of anti-
baby hamster kidney antibodies. Overall, 10/28 subjects had
detectable anti-r-pFVIII antibodies prior to treatment (range
0.8–29 BU); in 8/10 subjects, the levels of anti-pFVIII inhibi-
tors returned to non-detectable levels at the final assessment.
Two of the subjects continued to exhibit anti-pFVIII inhibitors
at the final assessment. Despite the baseline inhibitor status of
the subjects within the study, FVIII activity levels ‡20% were
achieved at the 24 h time point and all subjects had a positive
response to treatment within 24 h of initial infusion of
r-pFVIII. The range of baseline r-pFVIII antibodies in patients
was between 0.8 and 29 BU, the effect of higher baseline anti-
body titers on treatment response is unknown.

Five subjects developed inhibitory antibodies while on treat-
ment (range 8–108 BU) and this resulted in the discontinua-
tion of treatment for two of these subjects with reported poor
rise in FVIII activity levels immediately post-infusion of
r-pFVIII. Both of these de novo inhibitor developments were
reported as an AE, with these being the only two related non-
SAEs in 2/28 subjects (7.1%).

Data from this prospective study demonstrate r-pFVIII as a
safe and effective treatment of bleeding episodes in patients
with AHA. Compared with bypassing therapies, treatment with
r-pFVIII allows for FVIII activity monitoring to determine effi-
cacy and dosing throughout treatment and the healing/recovery
phase.

Regulatory affairs
The US FDA approved r-pFVIII for the treatment of bleeding
episodes in AHA in October 2014 [26]. The FDA granted r-
pFVIII an orphan-drug status based on the fact that AHA is a
rare disease and this drug addresses a critical unmet need in
this patient population [25].

The prescribing information approved by the FDA includes
recommendations for monitoring laboratory tests and dosing
guidelines. The approved information states ‘Safety and efficacy

of OBIZUR has not been established
in patients with baseline anti-porcine
FVIII inhibitor titer greater than 20 BU.
OBIZUR is not indicated for the treatment
of CHAWI or von Willebrand disease’.

Conclusion
r-pFVIII has been studied in 28 individu-
als with AHA who presented with serious
or life-threatening bleeds. All 28 of these
subjects responded to treatment at 24 h
after first dosing, regardless of the pres-
ence and titer of baseline anti r-pFVIII
antibodies. Dosing was monitored and
controlled by FVIII assays, which afforded
a reliable index of hemostatic control and

more tailored dosing for the treatment of bleeds. There were no
related SAEs observed in any subject. The safety and efficacy
information in these subjects supported the FDA approval of
r-pFVIII for the treatment of bleeding episodes in AHA.

Expert commentary
The recently FDA-approved r-pFVIII is a potentially important
therapeutic option with improved safety and efficacy for the
management of serious and life-threatening bleeds in persons
with AHA. This is a rare but devastating bleeding disorder
with high mortality from bleeding. The data generated to date
for this indication show a reliable treatment with an outstand-
ing therapeutic index. These data show an efficacy profile that
can be more favorable than current inhibitor-bypassing thera-
pies because it is more physiological to use FVIII replacement.
Also, the ability to measure FVIII activity with an objective
surrogate marker of efficacy and safety affords the ability to tai-
lor dosing without excessive factor consumption. Furthermore,
treatment with r-pFVIII provides additional safety from throm-
bosis due to overdosing with bypassing agents and the inherent
increased risk in this patient population. Finally, immunosup-
pression to ultimately eradicate FVIII neutralizing antibodies is
recommended upon diagnosis of these patients. Immunosup-
pression converts a patient from a bleeding event to a relative
hypercoagulable state in a population already at risk for throm-
botic events [27]. Treatment with r-pFVIII enables measurement
of FVIII levels in order to guide dosing and enhance safety
during this transition.

All study subjects currently showed response in serious and
in some cases life-threatening hemorrhages within 24 h of first
treatment. None of the subjects showed any related SAEs.
r-pFVIII should become the treatment of choice in the man-
agement of hemorrhage in patients with AHA and should be
considered the first line of treatment prior to inhibitor bypass-
ing hemostatic agents.

Five-year view
Potential future applications for the use of r-pFVIII would be
treatment of congenital hemophilia patients with inhibitor

Table 1. Response to recombinant porcine sequence factor VIII
treatment evaluation.

Assessment of
efficacy

Control of
bleeding

Clinical
assessment

Factor VIII
levels

Response

Effective Bleeding stopped Clinical control ‡50% Positive

Partially effective Bleeding reduced Clinical stabilization

or improvement; or

alternative reason for

bleeding

‡20% Positive

Poorly effective Bleeding slightly

reduced or

unchanged

Not clinically stable <50% Negative

Not effective Bleeding worsening Clinically deteriorating <20% Negative
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development (CHAWI) and prophylactic use in patients with
inhibitors. The benefit of using r-pFVIII is the ability to treat
inhibitor patients with more physiologic FVIII as opposed to
bypassing the coagulation pathway. While the risk of develop-
ing anti-pFVIII inhibitory antibodies should be considered and
will be seen in some patients during a regimen of long-term
prophylaxis, there is no information to date regarding the
extent of this risk, either in the number of such impacted
patients, nor regarding the level of the inhibitor response in
each. However, data collected from CHAWI patients adminis-
tered plasma-derived pFVIII showed that long-term use could
be possible in a sub-population of patients depending on the
titer of baseline anti-pFVIII and the post-infusion anamnestic
response [28,29]. A major limitation in treating inhibitor patients
is the uncertainty of monitoring assays; therefore, there is a
need to individualize treatment for patients based on initial
response to treatment. At this time, information regarding the
application and efficacy of r-pFVIII in the management of
bleeds in patients with hemophilia A complicated by a high

titer inhibitor is only available in the context of a Phase II clin-
ical trial.

Acknowledgements

The author would like to thank J Fowler and E Burkart-Hartman, for-

mer and current (respectively) employees of Baxter Healthcare Corporation,

for their editorial assistance.

Financial & competing interests disclosure

E Gomperts is a consultant to Baxter and was not compensated for his

work in this manuscript. E Gomperts received compensation as ‘Medical

Monitor’ in the development of this product. However, he was not paid

for the writing of this manuscript. Baxter, initially inspiration, funded the

research which is discussed in this manuscript. The author has no other

relevant affiliations or financial involvement with any organization or

entity with a financial interest in or financial conflict with the subject

matter or materials discussed in the manuscript apart from those disclosed.

Writing assistance was utilized in the production of this manuscript

and performed by J Fowler and funded by Baxter.

Key issues

. The efficacy profile of recombinant porcine sequence factor VIII (r-pFVIII) can be more favorable than current bypassing therapies

because it is more physiological.

. The use of r-pFVIII allows for more reliable, tailored dosing with unnecessary consumption because of the ability to measure FVIII

activity.

. All acquired hemophilia A study subjects showed response in serious and in some cases life-threatening hemorrhages within 24 h of

first treatment with r-pFVIII.

. The risk of developing anti-rpFVIII inhibitors during potential future applications of r-pFVIII as a long-term prophylactic treatment option

is not known at this time.
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