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Abstract

Eptacog beta (activated), a recombinant human factor Vlla (rFVIla), was approved by
the US Food and Drug Administration (FDA) in 2020 (SEVENFACT®, LFB & HEMA Bio-
logics) and the European Medicines Agency (EMA) in 2022 (CEVENFACTA®, LFB). In
Europe, eptacog beta is indicated for the treatment of bleeds and the prevention of
bleeds during surgery or invasive procedures in adults and adolescents (>12 years old)
with congenital haemophilia A or B with high-titre inhibitors (>5 BU) or with low-titre
inhibitors who are expected to have a high anamnestic response to factor VIII or fac-
tor IX, or to be refractory to increased dosing of these factors. The efficacy and safety
of eptacog beta were evaluated in three Phase Il clinical studies, PERSEPT 1, 2 and 3.
For the EMA filing dossier, the analysis of data from PERSEPT 1 and 2 differed from
the analysis used to support the filing in the US. In this review, we summarise current
data regarding the mode of action, clinical efficacy and safety of eptacog beta for the
management of haemophilia A and B in patients with inhibitors from a European per-
spective. In addition to providing a valuable summary of the analyses of the clinical
data for eptacog beta conducted for the EMA, our review summarises the potential

differentiators for eptacog beta compared with other current bypassing agents.
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with severe haemophilia B.3* The presence of inhibitors is associated

with bleeds that are more difficult to manage, decreased quality of life

Congenital haemophilia A and B are X-linked coagulation disor-
ders caused by a deficiency in factor VIII (FVIII) or factor IX (FIX),
respectively.! The missing coagulation factor is usually administered to
individuals with haemophilia A or B to prevent and treat bleeds.? How-
ever, individuals can develop neutralising alloantibodies (inhibitors) to
replacement factors. The lifetime risk of developing inhibitors is as high
as 40% in individuals with severe haemophilia A and up to 10% in those

and increased morbidity and mortality.”~8

In patients with low-titre inhibitors (LTl; < 5 Bethesda units [BU]),
higher doses of replacement factors have traditionally been used,? but
replacement factors are physiologically ineffective in individuals with
high-titre inhibitors (HTI; >5 BU).! The only way to eradicate persis-
tent inhibitors and induce tolerance to replacement factors is using

immune tolerance induction (IT1).” However, the outcome of ITI is
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variable and patients with haemophilia B often have to discontinue due
to severe allergic reactions to FIX or the development of nephrotic
syndrome.? Furthermore, inhibitors can return even after successful
ITI.? Bypassing agents, such as recombinant Factor Vlla (rFVIla) or acti-
vated prothrombin complex concentrate (aPCC, FEIBA®, Takeda), have
been the standard of care for the treatment and prevention of bleeds in
individuals with haemophilia and inhibitors.'? aPCC, a plasma-derived
bypassing agent, comprises multiple zymogens/proenzymes and small
quantities of activated coagulation factors, including prothrombin and
activated factor X (FXa); while rFVIla activates the extrinsic clotting
pathway, bypassing the need for FVIII or FIX.1° Eptacog alfa (Novo-
seven® RT,Novo Nordisk), the first rFVIla, is quicker to administer than
aPCC.10 Eptacog alfa is expressed in baby hamster kidney cells and
secreted into a cultured media containing foetal bovine serum.** How-
ever, mammalian cell cultures are associated with a poor yield, issues
regarding production scale up and expense.!! In addition, eptacog alfa
demonstrates high intra- and inter-patient variability in response.?

Treatment options for individuals with haemophilia and inhibitors

10 until emicizumab was

had been relatively static for 20 years,
approved in the United States (US) in 201712 (Hemlibra®, Genentech,
Inc) and in Europe in 2018 (Hemlibra®, F. Hoffmann-La Roche). In
Europe, emicizumab is indicated for routine prophylaxis in individuals
with congenital haemophilia A with FVIII inhibitors, mild and mod-
erate haemophilia A with severe phenotype and in individuals with
severe congenital haemophilia A (FVIII < 1%) without inhibitors.2*
Emicizumab, a bispecific antibody that functions as an activated FVIII
mimetic,’> improves haemostasis but does not normalise it.2¢ Thus,
patients with inhibitors using emicizumab will still require bypassing
agents to treat breakthrough bleeds and to provide haemostatic cov-
erage during surgical procedures.'” Indeed, 72% of participants in the
Phase Il HAVEN 1 study who received emicizumab had breakthrough
bleeding.!” As thrombotic microangiopathy and thrombosis have been
reported in individuals with haemophilia A and inhibitors receiving
emicizumab who received aPCC for the treatment of breakthrough
bleeding, but not in those who received eptacog alfa,’” rFVlla is
preferred in these patients.’® However, it should be noted that throm-
botic complications have recently been reported in patients receiving
concomitant treatment with emicizumab and eptacog alfa.’?

Eptacog beta (activated), a human rFVIla, was approved by the US
Food and Drug Administration (FDA) in April 2020 (SEVENFACT®, LFB
& HEMA Biologics?°), by the Mexican Sanitary Agency (COFEPRIS) in
June 2022 (SEVENFACT®, LFB21), by the European Medicines Agency
(EMA) in July 2022 (CEVENFACTA®, LFB22) as well as by the UK
Medicines and Healthcare products Regulatory Agency (MHRA) in
August 2022 (CEVENFACTA®, LFB22). In the European Union and in
Great Britain, eptacog beta is indicated for the treatment of bleeds
and for the prevention of bleeding in individuals undergoing surgery
or invasive procedures, in adults and adolescents (>12 years of age)
with congenital haemophilia A or B with HTI (>5 BU) or LTI (<5 BU)
who are expected to have a high anamnestic response to FVIII or FIX,
or to be refractory to increased dosing of FVIII or FIX.22 The efficacy
and safety of eptacog beta were evaluated in three Phase Ill studies:
PERSEPT 1, PERSEPT 2 and PERSEPT 3. The EMA filing required anal-
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FIGURE 1 Structure of eptacog beta (published with permission
from LFB BIOMEDICAMENTS), The FVlla structure model was
generated based on the FVIla crystal structure (PDB code 1DAN)
using Discovery Studio Visualizer v18.1.0.17334. EGF, epidermal
growth factor; GLA domain, gamma-carboxyglutamic acid domain.

yses of the data generated in the Phase Il PERSEPT 1 and 2 studies
in a different manner to those required by the US FDA. In particu-
lar, the EMA analysis was based on successful treatment of bleeds
of any severity using the 4-point haemostatic scale, whereas the FDA
analysis was based on successful treatment of mild or moderate bleeds
using the 4-point haemostatic scale plus four additional objective cri-
teria: no further treatment with eptacog beta beyond the timepoint for
the bleeding episode where a ‘good’ or ‘excellent’ response was noted,
no other haemostatic treatment needed for the bleeding episode, no
administration of blood products that would indicate continuation of
bleeding beyond the timepoint where a ‘good’ or ‘excellent’ response
was noted and no increase of pain beyond the timepoint that could
not otherwise be explained. In this review, we summarise the current
data regarding the mode of action, efficacy and safety of eptacog beta
for the management of haemophilia A and B in patients with inhibitors
(PwHABI) from a European perspective, presenting the results of the

analyses conducted for the EMA.

1.1 | Eptacog beta: Production

FVlla, a highly post-translationally modified protein, requires post-
translational modifications (PTMs) for full biological activity.2> While
eptacog beta and eptacog alfa have the same primary sequence
and the same degree of y-carboxylation, there are differences in
N-glycosylation profiles between these rFVila molecules.!* This
difference is due to their different production techniques: eptacog
alfa is expressed in baby hamster kidney cells and secreted into a cul-
tured media containing foetal bovine serum;!! whereas eptacog beta
(Figure 1) is expressed in the rabbit mammary gland and secreted in
the milk of transgenic rabbits.'? N-glycosylation profile can influence

the molecular stability, pharmacokinetic and pharmacodynamic
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properties of therapeutic proteins and can lead to improved
performance.?* Differences in N-glycosylation profiles have also
been shown to have an impact on the therapeutic properties and
stability of human antibodies.?* For eptacog beta, the major N-
glycosylation structures are complex biantennary structures sialylated
at the a 2—6 position, among which 57% are monosialylated and 12%
are bisialylated. In contrast, eptacog alfa presents approximately 50%
bisialylated and 18% monosialylated biantennary N-glycans that are
sialylated at the « 2—3 position. These differences in post-translational
modifications may explain the functional differences between eptacog
beta and eptacog alfa observed in preclinical studies.2>26

The production of recombinant proteins in the milk of transgenic
animals is an innovative technology that (despite certain advantages,
including relative ease of scale-up) is less commonly used than tra-
ditional cell culture production. The rationale behind the use of
transgenic animals is that the mammary gland is a high yielding source
of proteins (befitting its primary role of nurturing the young), and as
such offers a unique opportunity for recombinant biopharmaceutical
production. For example, with eptacog beta, the relevant transgene
includes the coding for human FVII and a beta-casein specific pro-
moter that results in expression of human rFVIl in the rabbit mammary
gland; this human rFVIlis thenisolated by standard milking techniques,
and subsequently purified/activated to produce eptacog beta.2® Impor-
tantly, the human rFVII protein does not circulate systemically and has
not been shown to have any negative effect on the rabbit. The rab-
bits used in the production of eptacog beta are known to be specific
pathogen free and the proprietary recombinant manufacturing pro-
cess for eptacog beta produces a safe recombinant protein product.
The manufacturing process of eptacog beta includes four virus reduc-
tion steps, namely a solvent/detergent treatment, a filtration step and
two chromatography steps that were demonstrated to be very effec-
tive in the removal of enveloped and non-enveloped viruses. In addition
to eptacog beta, the EMA has approved other recombinant products
produced from transgenic animals, including human antithrombin [milk
of transgenic goats (2006)] and a human recombinant C1 esterase
inhibitor [milk of transgenic rabbits (2011)], establishing the process as
avalid and safe technique.?”

Eptacog beta produced in the milk of transgenic rabbits has the
appropriate primary sequence, PTMs and secondary structure to be
fully active FVIL.1! In addition, eptacog beta is highly pure and contains
at most a low level of product-derived impurities, of the same order of

magnitude as those in eptacog alfa.!!

1.2 | Mechanism of action/preclinical data

Therapeutic rFVIla drives coagulation via three distinct and com-
plementary mechanisms.282? The first mechanism is a tissue-factor
(TF)-dependent mechanism, where rFVIla competes with endogenous
FVII to bind TF expressed on cell surfaces at the site of injury, which
activates FX, leading to initial thrombin generation.28 The second is a
platelet-dependent mechanism, where haemostasis is achieved by the

direct activation of FX by rFVIla bound to phospholipids exposed on
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the surface of activated platelets.?8 The third mechanism is endothelial
protein C receptor (EPCR)-dependent, where rFVIlla displaces protein
C from EPCR, downregulating local generation of the anticoagulant
activated protein C.2?

Eptacog beta and eptacog alfa have similar affinities for soluble TF
and TF in the absence of phospholipids.3° This, together with similar
generation of thrombin in vitro, highlights similar TF-mediated mech-
anisms for both eptacog beta and eptacog alfa.?! In contrast, eptacog
beta and eptacog alfa have shown differences in platelet binding affin-
ity. While both agents bind to activated platelets relatively weakly
and in a dose-dependent manner, at saturation, 40% more eptacog
beta binds to platelets than eptacog alfa.3° Similarly, at therapeutic
concentrations, eptacog beta and eptacog alfa both bind to human
umbilical vein endothelial cells (HUVEC) dose dependently, but bind-
ing is 25%—50% higher for eptacog beta.?° Furthermore, Protein C,
soluble EPCR and anti-EPCR antibodies, which compete for the same
binding site, all reduced the binding of eptacog beta and eptacog alfa
to HUVEC, indicating specificity for EPCR,3® which is found on the
cell endothelium. However, while anti-EPCR antibodies completely
blocked eptacog alfa binding to HUVEC, they only blocked 91% of
eptacog beta binding, suggesting that eptacog beta has a second,
minor binding site.3%3! These differences in the platelet- and EPCR-
dependent mechanisms of eptacog beta and eptacog alpha observed
in in vitro studies may reflect the different N-glycosylation profiles of
the two agents. However, it should be noted that clinically, eptacog
beta and eptacog alfa have similar kinetic constants and active site
titration.

In mouse models of haemophilia, EPCR enhances rFVlla-driven
haemostasis??32 and it redistributes rFVlla to the extravascular tis-
sues where it remains functionally active and where it can be retained
for extended periods of time far exceeding its plasma half-life.33
In addition, by binding to EPCR, eptacog beta may protect against
endothelial barrier dysfunction induced by thrombin.3* However, the
comparative mechanisms of action of eptacog beta and eptacog alfa
hypothesised here are based on experimental data generated by the
manufacturer of eptacog beta (LFB), which have not been confirmed
by independent investigators, and the extrapolation of data from mice.
Further investigation is required to demonstrate any potential clinical

advantage of eptacog beta over eptacog alfa.

1.3 | Eptacog beta and emicizumab

aPCC and rFVlla are different products with different procoagu-
lant components exerting effects on thrombin generation.17-22:35-37
In vitro, the addition of aPCC to SIA-emicizumab has a synergistic
effect on thrombin generation, with peak levels more than 4-fold higher
than those seen in normal plasma.3¢ This may explain why throm-
botic microangiopathy and thrombosis have been reported in patients
receiving emicizumab whose breakthrough bleeds were treated with
aPCC.173637 |n contrast, the combination of eptacog alfa and emi-
cizumab resulted in in vitro thrombin generation below that observed

in normal plasma.3¢
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An in vitro study was undertaken to determine the level of throm-
bin generation induced by eptacog beta in plasma from individuals with
haemophilia A with and without inhibitors and that contained clini-
cally relevant levels of emicizumab.3” The combination of eptacog beta
and emicizumab increased thrombin generation, but the level of throm-
bin generation did not exceed that in normal plasma, as previously
observed with eptacog alfa.3”

These findings from the in vitro combination study are currently
being confirmed in a US-centric, Phase IV clinical safety study (ATHN-
16; NCT04647227) in patients with haemophilia A and inhibitors who
are receiving emicizumab prophylaxis and on-demand eptacog beta
for the treatment of breakthrough bleeds. This study, coordinated by
the American Thrombosis and Haemostasis Network, is also enrolling
individuals with haemophilia A who are not receiving emicizumab

prophylaxis and haemophilia B patients with inhibitors.

1.4 | Eptacog beta Phase | study

In addition to overcoming the issues associated with the use of mam-
malian cell cultures, the development of eptacog beta was motivated by
the lack of predictable efficacy of current bypassing agents, due to high
intra- and inter-patient variability in response.3¢ Clinicians require a
rFVlla that exhibits a reliable dose response that is not only effective
and well tolerated at low doses, but also at high doses and when there
are prolonged intervals between dosing.8

The safety, pharmacokinetics and ex vivo pharmacodynamics of
eptacog beta (25, 75 and 225 pg/kg) were investigated in a prospective,
multicentre, Phase Ib dose-escalation study undertaken in 15 adults
(20-61 years of age) with moderate or severe congenital haemophilia
A or B with or without inhibitors, in a non-bleeding state.3’ The
doses were selected based on the results of preclinical in vitro and
in vivo studies. At each dose level, eptacog beta was administered
intravenously over 2—3 min to 10 participants, with each participant
receiving two different dose levels. The dose was only escalated after
the evaluation of safety data (30 + 6 h after dosing) and pharmaco-
dynamic data (coagulation markers) were assessed by an independent
data monitoring committee.

Peak plasma concentration (C,.,) and area under the plasma-
concentration-time curve (AUC) for eptacog beta seem to be dose
dependent; according to the Cevenfacta® Summary of Product Char-
acteristics, the non-compartmental analysis showed approximate dose
proportionality between 75 and 225 ug/kg of eptacog beta.223? In con-
trast, the following pharmacokinetic parameters were not considered
to be dose dependent: clearance (25 pg/kg: 9.0 L/h; 75 pg/kg: 10.0
L/h; 225 pg/kg: 7.9 L/h), volume of distribution (29.8, 30.4 and 20.0
L, respectively) and terminal half-life (2.3, 2.1 and 1.8 h, respectively).
FVlla activity returned to baseline levels within 24 h of dosing.3?

There were dose-dependent changes in several unvalidated sur-
rogate markers for haemostasis after the administration of eptacog
beta.?? Peak thrombin generation was dose dependent for up to 24 h
after dosing (measured using a plasma-spiked thrombin generation

assay). Activated partial thromboplastin time (aPTT; a coagulation test)
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was also dose dependent. Prothrombin time was reduced, but it was
unclear if the reductions were dose dependent, as the lower limit of the
assay (~8 s) was reached with eptacog beta 75 and 225 pg/kg.

No significant coagulation activation was observed in assays that
could potentially indicate pathological clot formation or a prothrom-
botic state.3? D-dimer levels were unchanged, except in one participant
whose levels at 24 h were 2-fold higher than baseline after receiv-
ing eptacog beta 225 pg/kg. Thrombin-antithrombin complexes were
unaffected by eptacog beta 25 pg/kg, and the effects of the 75 and
225 pg/kg doses were variable and inconsistent among participants.
Prothrombin fragment F1+2 increased dose dependently, peaking
1-2 h after eptacog beta dosing, indicating the formation of thrombin,
and returned to baseline 6—12 h after dosing. Maximum clot firm-
ness, indicating the absolute strength of the fibrin and platelet clot,
was demonstrated 5 min after eptacog beta dosing, using modified
rotational thromboelastometry.

All doses of eptacog beta were well tolerated.3? There were three
adverse events (AEs) within 36 h of dosing that were possibly related
to eptacog beta: brief mild dizziness after 25 and 75 pg/kg eptacog
beta in one participant and mild headache lasting 2 h after eptacog
beta 25 pg/kg in another. No participant exhibited hypersensitivity or
humoral immunogenicity to eptacog beta.

The authors of the study concluded that at its C,., eptacog
beta had relevant effects on platelet-augmented thrombin generation,
suggesting possible dose-dependent increases in local thrombin gen-
eration at the site of bleeding.>? They also concluded that the Cp,y of
eptacog beta should guide the initial dose selection for the on-demand
treatment of bleeds, while the AUC confirmed the feasibility of a 3-h
dosing interval for 75 pg/kg and suggested a 9-h interval between the
initial 225 pg/kg dose and subsequent doses of eptacog beta.? Data
from this study were included in a computational pharmacokinetic and
pharmacodynamic model that supported the selection of the eptacog
beta initial dose regimens (IDRs) of 75 and 225 pg/kg for investiga-
tion in Phase 11l clinical trials for the on-demand treatment of bleeds
in patients with haemophilia A or B and inhibitors.5?

2 | CLINICAL EFFICACY IN PHASE Ill STUDIES:
PERSEPT 1,2 AND 3

2.1 | PERSEPT 1
2.1.1 | Study design and the EMA efficacy analysis

PERSEPT 1 was a global, multicentre, randomised, open-label, cross-
over Phase Il study undertaken to evaluate the efficacy, safety and
immunogenicity of eptacog beta for the early, on-demand treatment
of bleeds in individuals with haemophilia A or B with HTI (>5 BU) and
those with LTI (<5 BU) who were expected to have a high anamnes-
tic response to FVIII or FIX, or be refractory to increased dosing of
FVII or FIX.? In this study, 27 males (12—54 years of age; 5 ado-
lescents, 22 adults) with congenital haemophilia A or B who had >3

bleeds in the previous 6 months were randomized to receive eptacog
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TABLE 1 Summary of outcomes from PERSEPT 1.42-44

75 pg/kg (n = 25)

Bleeding events, n 252
Events treated successfully? at 12 h, any severity, n 204
Success proportion? at 12 h, any severity, % (95% Cl)
Response at 24 h, % (95% Cl)

Time to patient-reported response,” h 5.98
No recurrence of bleeding, % (95% Cl) 100
Eptacog beta infusions per bleeding episode, median, n 2

Abbreviation: Cl, confidence interval.
2Assessed as ‘good’ or ‘excellent’ on a 4-point haemostatic scale.
bKaplan-Meier estimate.

beta at an IDR of 75 pg/kg (n = 13) or 225 pg/kg (n = 14). In the
event of an unsatisfactory therapeutic response, participants using
the eptacog beta 75 pg/kg IDR could receive further 75 pg/kg doses
administered every 3 h for mild/moderate bleeds, and every 2 h for
severe bleeds (See Table S1 for definitions of severity), for up to 21
or 22 h after the initial dose, respectively. An unsatisfactory therapeu-
tic response was defined as no noticeable effect on bleeding or the
participant’s condition worsened, or some effect (e.g., decreased pain
or improved bleeding) but the episode continued and required further
treatment (Table S2). In subjects using the eptacog beta 225 ug/kg
IDR, participants with mild/moderate bleeds who had an unsatisfac-
tory therapeutic response could receive eptacog beta 75 ug/kg every
3 h beginning 9 h after dosing, for up to 21 h after the initial dose. For
patients with severe bleeds, eptacog beta 75 pg/kg could be admin-
istered every 2 h between 6 and 22 h after the initial dose in the
event of an unsatisfactory therapeutic response. Alternative therapy,
if required, could be initiated 24 h after the initial dose of eptacog
beta for bleeds of any severity. Participants crossed over to the other
eptacog beta IDR every 3 months.

Eptacog beta could be administered at home or in the clinic.*° Par-
ticipants were advised to treat bleeds at home as soon as symptoms
were recognised. Participants with severe bleeds who administered
the initial dose of eptacog beta at home, were required to have any
further doses administered in a hospital setting. Bleeding was assessed
every 3 hfor 24 h after dosing, beginning 3 h after the initial dose in the
eptacogbeta 75 pg/kg IDR dose group and beginning 9 h after the initial
dose in the eptacog beta 225 pg/kg IDR dose group (with an optional
assessment at 3 h).

In total, the participants experienced 465 mild or moderate bleeds
and 3 severe bleeds (traumatic intramuscular haemorrhage, sponta-
neous right hip joint haemorrhage and a spontaneous renal haemor-
rhage) over a median of 7.5 months, with a median number of bleeding
events per participant of 12.4041

The EMA analysis focussed on a response of ‘good’ or ‘excellent’ on
the 4-point haemostatic scale (Table S2) for bleeds of any severity 12 h
after the initial dose of eptacog beta.*2~#* The haemostatic evaluation
was undertaken by the patient or their caregiver for mild/moderate

bleeds and by a physician for severe bleeds.*® The proportion of

81.0(70.9-91.0)
96.7 (93.3—100)
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225 pg/kg (n = 25) Overall (N=27)
216 468

195 399
90.3(82.9-97.7) 85.3(77.0-93.5)
99.5(98.6—100) -

3.00 =
99.5(98.6—100) -

1 =

bleeds successfully treated at 12 h was compared with an objective
performance criterion (OPC) of 55%—this OPC was prospectively cho-
sen as a benchmark for minimal efficacy to be demonstrated in the
pivotal clinical trials, and was agreed to by the US FDA (and subse-
quently other agencies including the EMA). PERSEPT 1 was designed
to detect ameaningful (15% or better) improvement over the OPC with
at least 80% power. Other key outcomes evaluated included time to
patient/carer-reported assessment of a ‘good’ or ‘excellent’ response
for bleeds regardless of severity and number of doses administered,

and total amount of drug administered per bleed regardless of severity.

2.1.2 | Key results

The results from PERSEPT 1 are summarised in Table 1. The over-
all success proportion for the treatment of all bleeds with eptacog
beta (both regimens) at 12 h was 85.3% (95% Cl 77.0-93.5), with
missing responses treated as failures.*2 In the eptacog beta 75 pg/kg
IDR group, the success proportion was 81% (95% Cl 70.9—91.0) for
all bleeds and was 90.3% (95% Cl 82.9—97.7) in the eptacog beta
225 pg/kg IDR group.*2 A single 225 ug/kg dose of eptacog beta
successfully treated 81.3% of bleeds, and 66.3% of bleeds were suc-
cessfully treated with 1—-2 doses in the 75 pg/kg IDR.*3 Indeed, a
median of 1 injection of eptacog beta 225 pg/kg or 2 injections of
eptacog beta 75 pg/kg were required to successfully treat bleeds.*?
The median time to response was 5.98 h in the eptacog beta 75 pg/kg
IDR group and 3 h in the eptacog beta 225 pg/kg IDR group.*?

At 24 h, the success proportion was 96.7% (95% Cl 93.3—100) with
the eptacog beta 75 pg/kg IDR and 99.5% (95% Cl 98.6—100) with
the eptacog beta 225 pg/kg IDR.4243 Furthermore, bleeding did not
recur within 24 h in 100% of events treated with the eptacog beta
75 pg/kg IDR and in 99.5% (95% CI 98.6—100) of events treated with
the eptacog beta 225 pg/kg IDR.44

Pain was successfully relieved 12 h after dosing in 91.6% (95% Cl
84.8—98.4) and 89.9% (95% Cl 82.2—97.6) of bleeds treated with the
eptacog beta 75 pg/kg and 225 pg/kg IDRs, respectively (data on file). 44

Insummary, in PERSEPT 1, eptacog beta rapidly controlled bleeds in

adults and adolescents with haemophilia A or B and inhibitors, with a
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TABLE 2 Summary of outcomes from PERSEPT 24246

75 ug/kg (n = 23)

Bleeding events, n 239
Events treated successfully® at 12 h, any severity, n 158
Success proportion? at 12 h, any severity, % (95% Cl)
Response at 24 h, % (95% Cl)

Time to patient-reported response,” h 9
No recurrence of bleeding, % (95% Cl)
Eptacog beta infusions per bleeding episode, median, n 3

Abbreviation: Cl, Confidence Interval.

2Assessed as ‘good’ or ‘excellent’ on a 4-point haemostatic scale.
bKaplan-Meier estimate.

high success proportion at 24 h and very few bleeding events requir-
ing alternative therapy, despite a median of only 1 and 2 doses of the
225 pg/kg and 75 pg/kg IDRs, respectively, being administered per
event.

2.2 | PERSEPT 2
2.2.1 | Study design and the EMA efficacy analysis

PERSEPT 2, a prospective, multicentre, randomised, open-label, cross-
over Phase Il study, was undertaken to evaluate the efficacy, safety
and immunogenicity of eptacog beta for the treatment of bleeds in a
paediatric population (<12 years of age)—the first prospective study of
a rFVlla to enrol an exclusively paediatric population.** In this global
study, 25 children (<6 years of age: n = 13; >6 to <12 years of age:
n = 12) with congenital haemophilia A or B and inhibitors (>5 BU
or those with <5 BU who were expected to have a high anamnestic
response to FVIII or FIX, or be refractory to increased dosing of FVIII
or FIX) who had >3 bleeds in the previous 6 months or since birth if <6
months of age were randomised to receive the eptacog beta 75 pg/kg
(n=12) or 225 pg/kg (n = 13) IDR using the same infusion frequency
schedule and cross-over design as in PERSEPT 1.4

In total, the participants had 546 mild or moderate bleeds and
3 severe bleeds (spontaneous renal haemorrhage, traumatic intracra-
nial bleed and traumatic left elbow bleed).*> The median number of
events per participant was 17.42

As for the PERSEPT 1 study, the focus of the EMA analysis of data
from PERSEPT 2 was the successful treatment of bleeds of any sever-
ity at 12 h (primary endpoint), defined as a ‘good’ or ‘excellent’ response
on the 4-point haemostasis evaluation scale (Table S2), assessed by
the parent/caregiver of the participant or the physician for severe
bleeds.*® Other key endpoints included the proportion of bleeds of any
severity successfully treated at all other timepoints, time to patient-
reported assessment of a ‘good’ or ‘excellent’ response for bleeds
regardless of severity and number of administrations, total amount
of drug administered per bleed, and duration of bleeds, regardless of

severity.
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66.1(53.0-79.2)
97.4(91.3—-100)

99.2(97.6—100)

225 pg/kg (n = 24) Overall (N = 25)
310 549

190 348
61.3(48.7-73.9) 63.4(51.7-75.1)
97.7 (94.1-100) -

12 =
98.1(96.1-100) -

2 =

2.2.2 | Key results

A summary of the results from PERSEPT 2 is provided in Table 2. The
overall success proportion for the treatment of all bleeds with eptacog
beta (both regimens) at 12 h was 63.4% (95% Cl 51.7—75.1), with miss-
ing responses treated as failures.*? The success proportion was 66.1%
(95% CI 53.0-79.2) with the eptacog beta 75 pg/kg IDR at 12 h and
was 61.3% (95% Cl 48.7—73.9) for the 225 pg/kg IDR.*2 It should be
noted that the lower bounds of the 95% Cls for these success propor-
tions at 12 h failed to meet the predefined OPC of 55%. Median time
to response was 9 and 12 hin the eptacog beta 75 ug/kg and 225 pg/kg
IDRs, respectively, and efficacy was achieved with a median of 3 or 2
doses, respectively.4

At 24 h, the success proportion for treating bleeds with eptacog beta
75 pg/kg IDR was 97.4% (95% Cl 91.3—100) and was 97.7% (95% ClI
94.1—100) for the 225 pg/kg IDR.#6 Bleeding did not recur within 24 h
in 99.2% (95% Cl 97.6—100) of events treated with the eptacog beta
75 pg/kg IDR and in 98.1% (95% Cl 96.1—-100) of those treated with
the 225 pg/kg IDR.4¢

Pain was relieved at 12 h in 92.8% (95% Cl 85.6—100) and 90.2%
(95% CI 82.7—97.7) of bleeds treated with eptacog beta 75 and
225 pg/kg IDRs, respectively.*

In summary, eptacog beta (both IDRs) controlled bleeds effectively
by 24 h in a paediatric population (<12y) with haemophilia A or B and

inhibitors.

2.3 | Pain relief in PERSEPT 1 and PERSEPT 2

The reduction in pain associated with the use of eptacog beta in adults
and children was evaluated in a post-hoc analysis of data from PERSEPT
1 and PERSEPT 2.7 Successful pain relief was defined as a reduc-
tion in the pain score on a visual analogue scale. In total, 1017 bleeds
experienced by 52 individuals were analysed, comprising 468 events in
adolescents and adults participating in PERSEPT 1 and 549 events in
children participating in PERSEPT 2.

Eptacog beta was associated with clinically relevant pain

reduction.*’ Successful pain reduction was achieved in ~90% of
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individuals 12 h after the initial administration of eptacog beta in each
study, irrespective of the severity of the bleed. The median time to
pain relief (when the pain score decreased >11 points from baseline)
was 3.03 h (95% Cl 3.00—5.83) in PERSEPT 1 and more than 5 h for
PERSEPT 2, regardless of the severity of the bleed (Kaplan-Meier
estimates). Pain relief correlated well with efficacy and was sustained
at 12 and 24 h after initial eptacog beta administration.*”

24 | PERSEPT 3
2.4.1 | Study design

PERSEPT 3 was a multicentre, single-arm, open-label Phase Il study
undertaken to evaluate the efficacy and safety of eptacog beta to
prevent excessive bleeding in males with haemophilia A or B with
inhibitors undergoing elective surgery/invasive procedures.*® Partic-
ipants scheduled to undergo a minor surgical procedure received
eptacog beta 75 pg/kg immediately prior to surgery, every 2 h up to
48 h and then every 2—24 h thereafter. However, after the preopera-
tive dose, the dosing interval could be adjusted by the investigator, and
dosing beyond 48 h was optional. Participants scheduled to undergo
a major surgical procedure received eptacog beta 200 pg/kg immedi-
ately prior to surgery, 75 pg/kg every 2 h during surgery and during the
first 48 h, then every 2—4 h during days 3—4, every 2—6 h during days
5—6, every 2—8 h during days 7—10 and every 2—12 h thereafter. The
postoperative dosing interval could be adjusted by the investigator;
dosing beyond day 5 was optional.

In total, 12 participants (2—56 years of age; 6 < 18 years and
6 >18 years) underwent an invasive procedure (6 minor [3 circum-
cisions and 3 tooth extractions] and 6 major procedures [2 lower
extremities amputations, 2 knee surgeries, a hip replacement and
an achilloplasty]) and received eptacog beta.*® The primary efficacy
endpoint was the percentage of procedures assessed as success-
ful at 48 + 2 h following the last dose of eptacog beta, based on
all assessments performed, including intraoperative and postopera-
tive haemostatic assessments, interventions for bleeds, oozing, blood
transfusions and the total quantity of eptacog beta administered.

Haemostatic assessments were made on a 4-point scale intraoper-
atively, post-operatively at intervals of 24 + 2 h after the completion
of the procedure, while eptacog beta was being administered, and
24 + 2 h and 48 + 2 h following the final dose of eptacog beta.*®
Haemostatic response was defined as excellent, good, moderate or
none (Table S3).

24.2 | Key results

The success proportion for all procedures 48 + 2 h following the last
dose of eptacog beta was 81.8% (95% Cl 48.2—97.7).*8 All evaluable
minor procedures were assessed as successful 48 + 2 h following the
last dose of eptacog beta (100%, 95% Cl 47.8—100; one procedure was

not evaluable due to the participant withdrawing consent). The suc-
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cess proportion for major procedures was 66.7% (95% Cl 22.3—95.7)
48 + 2 h following the last dose of eptacog beta; 4/6 procedures were
successful with 2 considered failures. The first failed procedure was in
an individual undergoing hip replacement surgery who had received
eptacog beta every 2 h for 2 days and was discontinued from the
study due to a treatment-related AE of post-procedural haematoma
that ultimately led to the patient’s death, although the death was
considered unrelated to treatment. This patient also required rescue
therapy (aPCC) within 52 h of the last dose of eptacog beta. This case is
described in more detail in the safety section below. The second failed
procedure was in an individual undergoing knee replacement surgery
who had received 64 doses of eptacog beta. Efficacy was rated as poor
7 days after surgery due to a moderate bleeding event at the surgical
site. Eptacog beta was discontinued and, despite the administration of
packed red blood cells, eptacog alfa and aPCC, efficacy remained poor
on day 9. Haemostasis was subsequently achieved with ongoing aPCC
use.

All minor and major procedures were associated with good or
excellent intraoperative haemostatic assessment with no participant
requiring surgical reintervention for bleeding.*® For the minor pro-
cedures, estimated intra-operative blood loss was lower than would
be expected in individuals without a bleeding disorder undergoing
the same procedure (mean [SD] 2.3 [1.4] vs. 4.2 [5.4] mL) and major
procedures (270 [228] vs. 350 [173] mL).

2.5 | Safety and tolerability

A pooled safety analysis of the PERSEPT studies included 60 partici-
pants: 27 who participated in PERSEPT 1, 25 from PERSEPT 2 and 12
from PERSEPT 3 (2 participants in PERSEPT 1 and 2 in PERSEPT 2 also
participated in PERSEPT 3).%8 These 60 individuals experienced 1029
bleeds or invasive procedures and received 3388 doses of eptacog
beta.

Eptacog beta was well tolerated.3® No allergic, hypersensitivity or
anaphylactic reactions were reported in any participant. No partic-
ipant had a thrombotic event, including in the surgical setting. No
neutralising anti-eptacog beta antibodies were detected in any par-
ticipant. Testing for antibodies against rFVIla was performed with an
electrochemiluminescent assay able to detect all antibody isotypes.
If confirmed in a repeat assay, the antibody was then tested for
anti-rhFVlla neutralizing potential.®®

The most common AEs across the three PERSEPT studies were
nasopharyngitis (11.7%), procedural pain (8.3%), anaemia (6.7%), bron-
chitis (6.7%), cough (6.7%), rhinitis (6.7%), diarrhoea (5.0%), headache
(5.0%), vomiting (5.0%) and wound secretion (5.0%) (Table 3).38 There
were 10 AEs that were considered treatment related by the investiga-
tor in three participants (0.01 events per exposure episode). A single
participant in PERSEPT 1, who received the eptacog beta 75 pg/kg
IDR to treat a bleed, had 6 treatment-related AEs (4 episodes of
infusion-site discomfort and 2 of infusion-site haematoma), all of which
resolved and were considered by the investigator to be mild. The

remaining treatment-related AE in PERSEPT 1 was increased body
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TABLE 3 Safety and tolerability of eptacog beta in the PERSEPT studies.3®

PERSEPT 1 (n=27)

PERSEPT 2 (n = 25)

PERSEPT 3 (n=12) Combined?® (N = 60)

Number of infusions, n 968 1686 734 3388
>1 Serious AE 1°(3.7) 2(8.0)¢ 1(8.3)¢ 4(6.7)
>1AE 12 (44.4) 17 (68.0) 10(83.3) 39(65.0)
AEs reported in >2 participants in at least one study
Nasopharyngitis 3(11.1) 4(16.0) 0(0) 7(11.7)
Headache 3(11.1) 0(0) 0(0) 3(5.0)
Anaemia 0(0) 2(8.0) 2(16.7) 4(6.7)
Diarrhoea 0(0) 3(12.0) 0(0) 3(5.0)
Vomiting 0(0) 3(12.0) 0(0) 3(5.0)
Bronchitis 0(0) 4(16.0) 0(0) 4(6.7)
Viral respiratory tract infection 0(0) 2(8.0) 0(0) 2(3.3)
Rhinitis 0(0) 4(16.0) 0(0) 4(6.7)
Cough 0(0) 4(16.0) 0(0) 4(6.7)
Postoperative anaemia 0(0) 0(0) 2(16.7) 2(3.3)
Procedural pain 0(0) 0(0) 5(41.7) 5(8.3)
Wound secretion 0(0) 0(0) 3(25.0) 3(5.0)
Haemorrhage 0(0) 0(0) 2(16.7) 2(3.3)
>1 treatment-related AEs 2(7.4) 0(0) 1(8.3) 3(5.0)

Data are presented as the number (%) of participants, unless stated otherwise.

Abbreviation: AE, adverse events (treatment-emergent).

aCollectively, there were 64 participants in PERSEPT 1, PERSEPT 2 and PERSEPT 3, as two participants in PERSEPT 1 also participated in PERSEPT 3 as did
two participants in PERSEPT 2; a total of 60 individuals participated across the three studies.

bSevere tonsillitis and intracranial haemorrhage in one patient not considered related to eptacog beta treatment.

“Paresis, intracranial bleed and dysentery in one patient each, all resolving with treatment and assessed as unrelated to eptacog beta treatment.

dAcute blood loss anaemia and gastrointestinal haemorrhage in one patient, considered related to eptacog beta treatment.

temperature in a participant who received eptacog beta 225 pg/kg,
which resolved after treatment with ibuprofen and non-steroidal anti-
inflammatory drugs. A participant in PERSEPT 3 who received eptacog
beta 200 pg/kg prior to major surgery and 75 pg/kg infusions post-
operatively had one treatment-related AE. This individual had a post-
procedural haematoma the day following surgery, which led to them
being discontinued from the study by the investigator. The haematoma
did not resolve despite concomitant medications (including aPCC) and
the patient died approximately 2 days after study discontinuation from
acute blood loss due to a gastrointestinal haemorrhage—both serious
AEs that were initially reported as unrelated to treatment and then
updated to possibly drug related by the investigator. However, based
on re-assessment by the independent data monitoring committee, the
events (and hence the participant’s death) were ultimately considered
unrelated to eptacog beta, based on the lack of clinical evidence or
autopsy findings supporting a relationship, other subject risk factors,
the short half-life of eptacog beta, which was discontinued 2 days prior
to the gastrointestinal haemorrhage, and that the patient had been
receiving aPCC for 2 days prior to the event. Serious AEs occurred
in <2 patients in each of the PERSEPT studies and are summarised in
Table 3.

A further analysis of safety for the eptacog beta 75 and 225 pg/kg

IDRs using pooled data from the three Phase Il studies in addition to

datafrom 7 additional participants who received these doses in a Phase
1b dose escalation study (N = 67) also concluded that eptacog beta was

well tolerated, with both IDRs having favourable safety profiles.*?

3 | CONCLUSION

Following a period of stagnation in the successful development of
therapies to manage bleeds in patients with haemophilia A or B with
inhibitors, the recent approval of eptacog beta in adolescents and
adults for bleed management is an important addition to the treatment
landscape.’10-50 Eptacog beta has several possible advantages over
current bypassing agents. Firstly, it is produced in a transgenic animal,
potentially overcoming issues associated with cell culture production
techniques.! Secondly, differences in glycosylation and in binding of
eptacog beta to EPCR and platelets compared with eptacog alfa may
confer clinical benefit.2?-34 Finally, eptacog beta has predictable, dose-
dependent efficacy as shown by the results of the PERSEPT 1 trial as
well as PK and PD findings.3%“? In particular, the results of PERSEPT
1 showed that a single dose of eptacog beta 225 pg/kg successfully
treated 81.3% of bleeds, compared with 66.3% after 1—2 doses of
75 pg/kg. In addition, the 225 pg/kg IDR led to a faster resolution
of bleeding compared with the 75 pg/kg IDR (3 h vs. 5.98 h). This
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study included a diverse patient population and a high number of
bleeding events (n = 468). Finally, like eptacog alfa, eptacog beta can
be administered to patients using other haemostatic agents including
emicizumab.3”

Eptacog beta has an important role in the management of indi-
viduals with haemophilia and inhibitors, particularly given that no
currently available therapy is 100% effective in preventing bleeds in
these individuals, therefore, an effective and well tolerated therapy for
the treatment of breakthrough bleeds and the prevention of excessive
bleeding during surgeries and invasive procedures is required.

ACKNOWLEDGEMENTS
Editorial support for this article was provided by Jake Burrell PhD
(Rude Health Consulting Ltd.) and paid for by LFB BIOMEDICAMENTS.

CONFLICT OF INTEREST STATEMENT

WM has received funding from Bayer, BioMarin, Biotest, CSL Behring,
Chugai, Freeline, LFB, Novo Nordisk, Octapharma, Pfizer, Regeneron,
Roche, Sanofi, Shire/Takeda and uniQure. MC has received research
support from Bayer, Bioverativ/Sanofi, Novartis, Novo Nordisk, Pfizer,
Roche and Shire/Takeda; honoraria for speaking/participating in advi-
sory boards from Bayer, Bioverativ/Sanofi, CSL Behring, LFB, Novo
Nordisk, Pfizer, Roche and Shire/Takeda. JM has received research
grants from BioMarin, Novo Nordisk, Pfizer, Roche, Sanofi, Spark
and UniQure, consulting/advisory board fees from BioMarin, Novo
Nordisk, Regeneron, Roche, Takeda, Sanofi and Spark. YD has received
grants/research support from Bayer, Baxter, Novo Nordisk, CSL
Behring, LFB, Pfizer, Leo Pharma, Octapharma, Baxalta/Shire and Diag-
nostica Stago; educational grants from NovoNordisk, Shire/Takeda,
CSL Behring, LFB, LeoPharma; Speaker’s honoraria from Bayer, Bax-
ter, LFB, Novo Nordisk, CSL Behring, Sobi and Octapharma, Sanofi,
Leo Pharma, and Pfizer; consultancy honoraria from Bayer, Bax-
alta/Shire/Takeda, CSL Behring, Octapharma, LFB, and BioMarin; and
instructor honoraria from Novo Nordisk and Sanofi. VJ-Y has received
reimbursement for attending symposia/congresses and/or honoraria
for speaking and/or honoraria for consulting, and/or funds for research
from Takeda, Bayer, BioMarin, CSL Behring, Grifols, Novo Nordisk,
Sobi, Roche, Octapharma and Pfizer. CH has received research fund-
ing from Bayer, Shire/Takeda, Pfizer, Novo Nordisk, CSL Behring and
Sobi; honoraria and speaker’s bureau from Bayer, Shire/Takeda, Pfizer,
Novo Nordisk, CSL Behring, Octapharma, Sobi, LFB, CAF-DCF, F.
Hoffmann-La Roche Ltd, uniQure and BioMarin.

DATA AVAILIABILITY STATEMENT
Data sharing is not applicable to this article as no new data were
created or analysed in this study.

ETHICS STATEMENT

This is areview article, therefore no ethics approval was required.

ORCID

Wolfgang Miesbach "= https://orcid.org/0000-0002-4506-0061

https://orcid.org/0000-0001-5350-1763
https://orcid.org/0000-0001-5781-7669

Manuel Carcao

Johnny Mahlangu

Haemophilia WFH /| £y | =

REFERENCES

1. Mancuso ME, Mahlangu JN, Pipe SW. The changing treatment land-
scape in haemophilia: from standard half-life clotting factor concen-
trates to gene editing. Lancet. 2021;397(10274):630-640.

2. Meeks SL, Leissinger CA. The evolution of factor Vlla in the
treatment of bleeding in haemophilia with inhibitors. Haemophilia.
2019;25(6):911-918.

3. Vezina C, Carcao M, Infante-Rivard C, et al. Incidence and risk
factors for inhibitor development in previously untreated severe
haemophilia A patients born between 2005 and 2010. Haemophilia.
2014;20(6):771-776.

4. 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. 2021;106(1):123-129.

5. duTreil S. Physical and psychosocial challenges in adult hemophilia
patients with inhibitors. J Blood Med. 2014;5:115-122.

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

7. Walsh CE, Soucie JM, Miller CH; United States Hemophilia Treatment
Center Network. Impact of inhibitors on hemophilia A mortality in the
United States. Am J Hematol. 2015;90(5):400-405.

8. Chuansumrit A, Sirachainan N, Natesirinilkul R, Srikala K, Masaya-
Anon N; Haemophilia Inhibitor Study Group. Real-world evidence on
health resource use among patients with haemophilia and inhibitor
exhibiting severe bleeding episodes. Haemophilia. 2021;27(1):69-80.

9. Sherman A, Biswas M, Herzog RW. Tolerance induction in hemophilia:
innovation and accomplishments. Curr Opin Hematol. 2018;25(5):365-
372.

10. Shapiro AD, Mitchell IS, Nasr S. The future of bypassing agents for
hemophiliawith inhibitors in the era of novel agents. J Thromb Haemost.
2018;16(12):2362-2374.

11. Chevreux G, Tilly N, Leblanc Y, et al. Biochemical characterization of
LR769,anew recombinant factor Vlla bypassing agent produced in the
milk of transgenic rabbits. Haemophilia. 2017;23(4):e324-e334.

12. 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.

13. Genentech. Helimbra (emicizumab-kxwh) US Precribing Information
(December 2021). Accessed August, 2022. https://www.accessdata.
fda.gov/drugsatfda_docs/label/2021/761083s013Ibl.pdf

14. Roche. Hemlibra (emicizumab) European Summary of Product Char-
acteristics. 2022. Accessed August, 2022. https://www.ema.europa.
eu/en/documents/product-information/hemlibra-epar-product-
information_en.pdf

15. Knight T, Callaghan MU. The role of emicizumab, a bispecific fac-
tor IXa- and factor X-directed antibody, for the prevention of
bleeding episodes in patients with hemophilia A. Ther Adv Hematol.
2018;9(10):319-334.

16. Schmitt C, Adamkewicz JI, Xu J, et al. Pharmacokinetics and pharma-
codynamics of emicizumab in persons with hemophilia A with factor
VIII inhibitors: HAVEN 1 study. Thromb Haemost. 2021;121(3):351-
360.

17. Oldenburg J, Mahlangu JN, Kim B, et al. Emicizumab prophylaxis in
hemophilia A with inhibitors. N Engl J Med. 2017;377(9):809-818.

18. Medical and Scientific Advisory Council NHF. MASAC Document 268
- Recommendation on the Use and Management of Emicizumab-kxwh
(Hemlibra®) for Hemophilia A with and without Inhibitors. 2022.
Accessed August, 2022. https://www.hemophilia.org/healthcare-
professionals/guidelines-on-care/masac-documents/masac-
document-268-recommendation-on-the-use-and-management-of-
emicizumab-kxwh-hemlibrar-for-hemophilia-a-with-and-without-
inhibitors

19. Maria A, Alessandro C, Declan N, Peyvandi F. Hemorrhagic and
thrombotic adverse events associated with emicizumab and extended

85UB017 SUOWWID aAIIe1D 8ol jdde ayy Aq peuseno a1e saoile VO ‘8sN JO Sa|nJ o Akeidi8uljuO 3|1 UO (SUOTIPUOO-PUB-SWLBIAL00" AB |1 Aeiq| Ul [UO//SdnL) SUOBIPUOD pue SWie 1 8y} 885 *[202/S0/2T] U0 AkeidiTaul|uo A8 |1 ‘Uotessay [OIPBIN LS UiNoS AQ k65T 9.y /TTTT OT/I0p/u0o" A3 (1M AeIq Ul |uo// Sy WOy pepeojumod ‘Z ‘%202 ‘9TSZSIET


https://orcid.org/0000-0002-4506-0061
https://orcid.org/0000-0002-4506-0061
https://orcid.org/0000-0001-5350-1763
https://orcid.org/0000-0001-5350-1763
https://orcid.org/0000-0001-5781-7669
https://orcid.org/0000-0001-5781-7669
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761083s013lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761083s013lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/hemlibra-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/hemlibra-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/hemlibra-epar-product-information_en.pdf
https://www.hemophilia.org/healthcare-professionals/guidelines-on-care/masac-documents/masac-document-268-recommendation-on-the-use-and-management-of-emicizumab-kxwh-hemlibrar-for-hemophilia-a-with-and-without-inhibitors
https://www.hemophilia.org/healthcare-professionals/guidelines-on-care/masac-documents/masac-document-268-recommendation-on-the-use-and-management-of-emicizumab-kxwh-hemlibrar-for-hemophilia-a-with-and-without-inhibitors
https://www.hemophilia.org/healthcare-professionals/guidelines-on-care/masac-documents/masac-document-268-recommendation-on-the-use-and-management-of-emicizumab-kxwh-hemlibrar-for-hemophilia-a-with-and-without-inhibitors
https://www.hemophilia.org/healthcare-professionals/guidelines-on-care/masac-documents/masac-document-268-recommendation-on-the-use-and-management-of-emicizumab-kxwh-hemlibrar-for-hemophilia-a-with-and-without-inhibitors
https://www.hemophilia.org/healthcare-professionals/guidelines-on-care/masac-documents/masac-document-268-recommendation-on-the-use-and-management-of-emicizumab-kxwh-hemlibrar-for-hemophilia-a-with-and-without-inhibitors

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

half-life factor VIII replacement drugs: EudraVigilance data of 2021. J
Thromb Haemost. 2023;21(3):546-552.

HEMA Biologics. SEVENFACT [eptacog beta; coagulation factor
Vlla (recombinant)-jncw US Prescribing Information. 2020. Accessed
March, 2021. https://www.fda.gov/media/136610/download
Accessed April, 2023.https://www.gob.mx/cms/uploads/attachment/
file/792536/Alop_ticos_2022.pdf

LFB. CEVENFACTA 1 mg (45 KIU) powder and solvent for solution for
injection. Summary of Product Characteristics. Accessed March, 2023.
Available at: https://mhraproducts4853.blob.core.windows.net/docs/
af1b6044ed8fb47ch6856ac1fd344f855f010567

Chevreux G, Faid V, Scohyers JM, Bihoreau N. N-/O-glycosylation
analysis of human FVIla produced in the milk of transgenic rabbits.
Glycobiology. 2013;23(12):1531-1546.

Chen B, Liu W, Li Y, Ma B, Shang S, Tan Z. Impact of N-Linked
glycosylation on therapeutic proteins. Molecules. 2022;27(24):8859.
Plantier J, Evans S, Martres P. Evaluation of the tissue factor-
independent mechanism of action for eptacog beta [abstract]. Res
Pract Thromb Haemost. 2021;5(Suppl. 2). Accessed September 18,
2023.https://abstracts.isth.org/abstract/evaluation-of-the-tissue-
factor-independent-mechanism-of-action-for-eptacog-beta

Pipe SW, Dunn AL, Young G. Efficacy and safety evaluation of
eptacog beta (coagulation factor Vlla [recombinant]-jncw) for the
treatment of hemophilia A and B with inhibitors. Expert Rev Hematol.
2023;16(10):715-729.

Pharmaceutical Technology. FDA retains oversight of genetically
modified animals for therapeutics amid last-day Trump regulatory
changes. 2021. Accessed August, 2022. https://www.pharmaceutical-
technology.com/analyst-comment/fda-genetically-modifiedanimals/
Shibeko AM, Woodle SA, Lee TK, Ovanesov MV. Unifying the mecha-
nism of recombinant FVIla action: dose dependence is regulated dif-
ferently by tissue factor and phospholipids. Blood. 2012;120(4):891-
899.

Keshava S, Sundaram J, Rajulapati A, Esmon C, Pendurthi U, Rao
LVM. Factor Vlla interaction with EPCR modulates the hemostatic
effect of rFVIla in hemophilia therapy: mode of its action. Blood Adv.
2017;1(15):1206-1214.

Grandoni J, Perret G, Forier C. Kinetic analysis and binding studies of
a new recombinant human factor Vlla for treatment of haemophilia.
Haemophilia. 2017;23(2):300-308.

Plantier J-L, Evans S, Martres P. Evaluation of the tissue factor-
independent mechanism of action for eptacog beta[abstract]. Res Pract
Thromb Haemost. 2021;5(Suppl. 2): Abstract OC 24.21.

Pavani G, Ivanciu L, Faella A, Marcos-Contreras OA, Margaritis P. The
endothelial protein C receptor enhances hemostasis of FVIla adminis-
tration in hemophilic mice in vivo. Blood. 2014;124(7):1157-1165.
Clark CA, Vatsyayan R, Hedner U, Esmon CT, Pendurthi UR,
Rao LV. Endothelial cell protein C receptor-mediated redistribu-
tion and tissue-level accumulation of factor Vlla. J Thromb Haemost.
2012;10(11):2383-2391.

Sen P, Gopalakrishnan R, Kothari H, et al. Factor Vlla bound to
endothelial cell protein C receptor activates protease activated
receptor-1 and mediates cell signaling and barrier protection. Blood.
2011;117(11):3199-3208.

Takeda. FEIBA (anti-inhibitor coagulant complex) Prescribing Informa-
tion. Accessed March, 2023. Available at: https://www.shirecontent.
com/PI/PDFs/FEIBA_USA_ENG.pdf

Hartmann R, Feenstra T, Valentino L, Dockal M, Scheiflinger F. In vitro
studies show synergistic effects of a procoagulant bispecific antibody
and bypassing agents. J Thromb Haemost. 2018. [Online ahead of print]
Grandoni J, Duretz V, Bonzo D, Evans S, Plantier JL. Exploratory in
vitro evaluation of thrombin generation of eptacog beta (recombi-
nant human fviia) and emicizumab in congenital haemophilia A plasma.
Haemophilia. 2021;27(2):321-328.

Escobar M, Castaman G, Boix SB, et al. The safety of activated
eptacog beta in the management of bleeding episodes and perioper-

MIESBACH ET AL.

39.

40.

42.

43.

44,

45,

46.

47.

48.

49.

50.

ative haemostasis in adult and paediatric haemophilia patients with
inhibitors. Haemophilia. 2021;27(6):921-931.

Ducore J, Lawrence JB, Simpson M, et al. Safety and dose-dependency
of eptacog beta (activated) in a dose escalation study of non-bleeding
congenital haemophilia A or B patients, with or without inhibitors.
Haemophilia. 2017;23(6):844-851.

Wang M, Lawrence JB, Quon DV, et al. PERSEPT 1: a phase 3 trial
of activated eptacog beta for on-demand treatment of haemophilia
inhibitor-related bleeding. Haemophilia. 2017;23(6):832-843.

. Novo Nordisk. NovoSeven powder and solvent for solution for

injection. Summary of Product Characteristics. Accessed March, 2023.
Available at: https://www.ema.europa.eu/en/documents/product-
information/novoseven-epar-product-information_en.pdf

LFB. CEVENFACTA. Summary of Product Characteristics.
Accessed March, 2023. Available at: https://www.ema.europa.eu/
en/documents/product-information/cevenfacta-epar-product-
information_en.pdf

Hermans C, Miesbach W, Journeycake J, et al. EAHAD21-ABS-1288:
high dose of eptacog beta (Factor Vlla, recombinant) is effective in the
treatment of bleeding episodes regardless of severity in adult and ado-
lescent patients with hemophilia A or B with inhibitors. Haemophilia.
2021;27(S2):86-87.

Miesbach W, Hermans C, Pipe SW, et al. Eptacog beta (Factor Vlla,
recombinant) provides rapid bleed resolution and pain relief in adult
and adolescent patients with hemophilia A or B with inhibitors
[abstract]. Res Pract Thromb Haemost. 2021;5(Suppl. 2):Abstract
PB0544.

Pipe SW, Hermans C, Chitlur M, et al. Eptacog beta efficacy and
safety in the treatment and control of bleeding in paediatric sub-
jects (<12 years) with haemophilia A or B with inhibitors. Haemophilia.
2022;28(4):548-556.

Castaman G, Pipe SW, Callaghan M, et al. Results from the eptacog
beta in the treatment of bleeding episodes of all severities in pediatric
hemophilia A or B patients with inhibitors [abstract]. Res Pract Thromb
Haemost. 2021;5(Suppl. 2):Abstract PB0O536.

Hermans C, Mahlangu J, Ahuja S, et al. PO099 pain relief with
eptacog beta in hemophilia patients with inhibitors. Haemophilia.
2022;28(Suppl. 1):75-76.

Escobar M, Luck J, Averianov Y, et al. PERSEPT 3: a phase 3
clinical trial to evaluate the haemostatic efficacy of eptacog beta
(recombinant human FVIla) in perioperative care in subjects with
haemophilia A or B with inhibitors. Haemophilia. 2021;27(6):911-
920.

Carcao M, Miesbach W, Kessler C, et al. Safety of eptacog beta: com-
paring the 225 pg/kg and 75 pg/kg dosing regimens across pivotal clin-
ical trials (abstract LR-01.02 1159194). Haemophilia. 2022;28(Suppl.
3):25.

Croteau SE, Wang M, Wheeler AP. 2021 clinical trials update: innova-
tions in hemophilia therapy. Am J Hematol. 2021;96(1):128-144.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Miesbach W, Carcao M, Mahlangu J,
Dargaud Y, Jimenez-Yuste V, Hermans C. Eptacog beta for the
management of patients with haemophilia A and B with
inhibitors: A European perspective. Haemophilia.
2024;30:257-266. https://doi.org/10.1111/hae. 14944

85UB017 SUOWWID aAIIe1D 8ol jdde ayy Aq peuseno a1e saoile VO ‘8sN JO Sa|nJ o Akeidi8uljuO 3|1 UO (SUOTIPUOO-PUB-SWLBIAL00" AB |1 Aeiq| Ul [UO//SdnL) SUOBIPUOD pue SWie 1 8y} 885 *[202/S0/2T] U0 AkeidiTaul|uo A8 |1 ‘Uotessay [OIPBIN LS UiNoS AQ k65T 9.y /TTTT OT/I0p/u0o" A3 (1M AeIq Ul |uo// Sy WOy pepeojumod ‘Z ‘%202 ‘9TSZSIET


https://www.fda.gov/media/136610/download
https://www.gob.mx/cms/uploads/attachment/file/792536/Alop_ticos_2022.pdf
https://www.gob.mx/cms/uploads/attachment/file/792536/Alop_ticos_2022.pdf
https://mhraproducts4853.blob.core.windows.net/docs/af1b6044ed8fb47cb6856ac1fd344f855f010567
https://mhraproducts4853.blob.core.windows.net/docs/af1b6044ed8fb47cb6856ac1fd344f855f010567
https://abstracts.isth.org/abstract/evaluation-of-the-tissue-factor-independent-mechanism-of-action-for-eptacog-beta
https://abstracts.isth.org/abstract/evaluation-of-the-tissue-factor-independent-mechanism-of-action-for-eptacog-beta
https://www.pharmaceutical-technology.com/analyst-comment/fda-genetically-modifiedanimals/
https://www.pharmaceutical-technology.com/analyst-comment/fda-genetically-modifiedanimals/
https://www.shirecontent.com/PI/PDFs/FEIBA_USA_ENG.pdf
https://www.shirecontent.com/PI/PDFs/FEIBA_USA_ENG.pdf
https://www.ema.europa.eu/en/documents/product-information/novoseven-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/novoseven-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/cevenfacta-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/cevenfacta-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/cevenfacta-epar-product-information_en.pdf
https://doi.org/10.1111/hae.14944

	Eptacog beta for the management of patients with haemophilia A and B with inhibitors: A European perspective
	Abstract
	1 | INTRODUCTION
	1.1 | Eptacog beta: Production
	1.2 | Mechanism of action/preclinical data
	1.3 | Eptacog beta and emicizumab
	1.4 | Eptacog beta Phase I study

	2 | CLINICAL EFFICACY IN PHASE III STUDIES: PERSEPT 1, 2 AND 3
	2.1 | PERSEPT 1
	2.1.1 | Study design and the EMA efficacy analysis
	2.1.2 | Key results

	2.2 | PERSEPT 2
	2.2.1 | Study design and the EMA efficacy analysis
	2.2.2 | Key results

	2.3 | Pain relief in PERSEPT 1 and PERSEPT 2
	2.4 | PERSEPT 3
	2.4.1 | Study design
	2.4.2 | Key results

	2.5 | Safety and tolerability

	3 | CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILIABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


