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Abstract

Introduction: Haemophilia patients with inhibitors often require a bypassing agent

(BPA) for bleeding episode management. Eptacog beta (EB) is a new FDA-approved

recombinant activated human factor VII BPA for the treatment and control of bleed-

ing in haemophilia A or B patients with inhibitors (≥12 years of age). We describe here

the EB safety profile from the three prospective Phase 3 clinical trials performed to

date.

Aim: To assess EB safety, immunogenicity and thrombotic potential in children and

adults who received EB for treatment of bleeding and perioperative care.

Methods: Using a randomized crossover design, 27 subjects in PERSEPT 1 (12-54

years) and 25 subjects in PERSEPT 2 (1-11 years) treated bleeding episodes with 75

or 225 µg/kg EB initially followed by 75 µg/kg dosing at predefined intervals as deter-
mined by clinical response. Twelve PERSEPT 3 subjects (2-56 years) received an initial

preoperative infusionof75µg/kg (minorprocedures) or200µg/kgEB (major surgeries)

with subsequent 75µg/kg doses administered intraoperatively and post-operatively as

indicated. Descriptive statistics were used for data analyses.

Results: Sixty subjects who received 3388 EB doses in three trials were evaluated. EB

waswell tolerated,withnoallergic, hypersensitivity, anaphylactic or thrombotic events

reported and no neutralizing anti-EB antibodies detected. A death occurred during

PERSEPT 3 and was determined to be unlikely related to EB treatment by the data

monitoring committee.

Conclusion:Results from all three Phase 3 trials establish an excellent safety profile of

EB in haemophilia A or B patients with inhibitors for treatment of bleeding and periop-

erative use.

KEYWORDS
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1 INTRODUCTION

A major complication in the treatment of persons with haemophilia

is the development of neutralizing alloantibodies (inhibitors) against

factor VIII (FVIII) or factor IX (FIX) from factor replacement expo-

sures. Inhibitor development occurs in about 20–30%and up to 10%of

patients with severe haemophilia A and haemophilia B, respectively.1,2

Treatment options for patients with inhibitors are limited: immune tol-

erance induction (ITI) for inhibitor eradication is the preferred ther-

apy, but is not always effective and is often not attempted in patients

with haemophilia B.3 In lieu of inhibitor eradication, bypassing agents

(BPAs) such as activated prothrombin complex concentrate (aPCC,

FEIBA®; Takeda)4 and the recombinant activated human factor VII

(rFVIIa) products eptacog alfa (EA, NovoSeven® RT; Novo Nordisk)5

and eptacog beta (EB, SEVENFACT®; HEMA Biologics, LLC and LFB

SA)6 may be administered to control bleeding. These BPAs produce a

mailto:Miguel.escobar@uth.tmc.edu
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thrombinburst by supplyingmultiple clotting factors (aPCC), or by acti-

vating the extrinsic coagulation pathway (rFVIIa) at the site of injury.7

Emicizumab (Hemlibra®; Chugai), a bispecific antibody, represents a

prophylactic option for reducing bleeding incidence in haemophilia A

patients with or without inhibitors.8

EA has a well-established, favorable safety profile in haemophilia

patients with inhibitors.9–12 Thrombotic events associated with EA

treatment are rare in this population but nonetheless remain a

safety consideration given the procoagulant properties of EA and

the increased incidence of thrombotic complications when used

off-label.13 EA has not been associatedwith an anamnestic response in

haemophilia patientswith inhibitors, shows low immunogenicity, and is

generally well tolerated.10,11

EB is a new human rFVIIa BPA that is produced in transgenic rab-

bits, and was approved by the FDA in 2020 for use in adults and ado-

lescents (≥12 years of age) with haemophilia A or B and inhibitors

for the treatment and control of bleeding episodes using either 75 or

225 µg/kg initial dose regimens (IDRs).6,14–16 Development of a new

rFVIIa was motivated by the lack of predictable efficacy and a vari-

able intra- and inter-patient response associated with existing BPAs.17

Clinicians needed a rFVIIa that exhibits a reliable dose-response and is

safe and efficacious not only at a low dose, but also with a high-dose

regimen and a prolonged interval between dosing. While EB and EA

share a common amino acid sequence, EB has a distinct posttransla-

tional modification profile.18 EB demonstrates enhanced binding (rel-

ative to EA) to the endothelial protein C receptor (EPCR) in preclinical

studies.19 This enhanced EPCR binding may contribute to EB haemo-

static activity, as studies suggest that rFVIIa-EPCR interactions pro-

mote haemostasis by downregulating the activated protein C (APC)

anticoagulation pathway, promoting barrier protection,20 and trans-

porting rFVIIa into extravascular tissue to extend bioavailability.21,22

Results from earlier Phase 1b and Phase 3 (PERSEPT 1) trials with

adult and adolescent haemophilia patients with inhibitors suggest that

EB shares a similar safety profile to that of EA.15,16 We now extend our

findings on EB safety in a second Phase 3 trial (PERSEPT 2) with 25

paediatric subjects less than twelve years of age, and in a third Phase

3 trial (PERSEPT 3) with 12 subjects who underwent elective surgery

while receiving EB. The collective safety-related results from the three

Phase 3 trials are described here.

2 METHODS

2.1 Adverse event definitions

Adverse events were characterized as treatment-emergent adverse

events (TEAEs), defined as adverse events that occurred following

initial EB administration (regardless of whether the adverse event

is drug-related); treatment-related TEAEs, those deemed definitely,

probably or possibly related to EB administration; and serious adverse

events (SAEs), defined as adverse events that were potentially life-

threatening, led to hospital admission, prolonged an existing hospital-

ization, or resulted in significant disability or death.

2.2 Eligibility criteria

Male subjects with congenital haemophilia A or B with inhibitors to

either FVIII or FIXwere eligible for trial enrollment. Additional eligibil-

ity criteria are given in Supporting Information (Table S1). PERSEPT 1

or PERSEPT 2 subjects were allowed to participate in PERSEPT 3, pro-

vided all PERSEPT 3 eligibility criteria weremet.

2.3 PERSEPT 1 and PERSEPT 2 trial design

PERSEPT 1 and PERSEPT 2 were global, multicentre, open-label, ran-

domized Phase 3 trials for evaluating the safety, immunogenicity,

pharmacokinetics (PK), and efficacy of two EB IDRs. PERSEPT 1 and

PERSEPT 2 were designed as crossover trials, with subject random-

ization to either a 75 or a 225 µg/kg IDR, and IDR crossover every

3 months without a washout period for the duration of the trial (Fig-

ure 1A). Subjects received an initial infusion of 75 or 225 µg/kg EB (per

IDR randomization) for PKmeasurement purposes. TEAE and vital sign

assessments were performed periodically for at least 2 h (PERSEPT 1)

or 8 h (PERSEPT 2) post-initial infusion. Safety evaluations were per-

formed at screening and at 3, 6, 12, 18 and 24 weeks after the initial

EB infusion; every 6 weeks after theWeek 24 visit; and at end of study

or early termination visits. Safety evaluations included physical exams,

vital signs, electrocardiograms (for PERSEPT 1), immunogenicity tests

and clinical laboratory tests (haematology, serum chemistry, urinalysis

[for PERSEPT1], coagulation and viral serology [hepatitis B, hepatitis C

and human immunodeficiency virus; PERSEPT 1 only, at screening]), as

well as TEAE assessments.

Following a bleeding episode, EB was administered as a 2-min bolus

intravenous infusion. Subjects were advised to treat as soon as possi-

ble within 4 h of recognizing bleeding symptoms. Efficacy evaluation

and further treatment occurred at timepoints described in Figure 1B.

Severe bleeding episodes were treated according to the severe bleed-

ing episode treatment protocol described byWang et al.15

2.4 PERSEPT 3 trial design

PERSEPT 3 was a global, multicentre, single-arm Phase 3 trial for

assessing the safety, immunogenicity and efficacy of EB in haemophilia

A or B patients with inhibitors undergoing elective surgical or other

invasive procedures. Physical exams, vital signs, electrocardiograms,

and clinical laboratory tests (haematology, serum chemistry, urinalysis,

coagulation and viral serology [hepatitis B, hepatitis C and human

immunodeficiency virus for subjects ≥12 kg]) were performed at

screening. Subjects undergoing minor procedures (i.e. procedures

that typically require <5 days of factor replacement in haemophilia

patients) received an initial dose of 75 µg/kg EB by intravenous bolus

infusion within 2 min of surgical incision or start of invasive proce-

dure. Subjects undergoing a major procedure (i.e. procedures that

typically require ≥5 days of factor replacement, and involve entry into

a body cavity and/or organ removal or similarly complex procedure)
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F IGURE 1 (A) Subject dispositions for PERSEPT 1 (green) and PERSEPT 2 (yellow). (B) Treatment protocol for mild andmoderate bleeding
episodes in PERSEPT 1 and PERSEPT 2. Dosing schedules for 75 and 225 µg/kg initial dose regimens (IDRs) are indicated

received 200 µg/kg (Figure 2A). The choice of initial dose for minor

procedures was guided by previous PK studies16 and the safety and

efficacy results from PERSEPT 1,15 which suggested 75 µg/kg as the

preincision dose prior to minor procedures. For major procedures,

200 µg/kg was selected as the preincision dose in anticipation of more

extensive tissue damage and an increased haemostatic challenge.

Efficacy evaluation and further treatment took place as described

in Figure 2B. The minimum treatment duration was 5 days for major

surgeries and 2 days for minor procedures. Subjects were followed

postoperatively according to the standard of care at the study site.

Clinical laboratory tests were performed 24 h after procedure com-

pletion, as well as 2 and 28 days after the last EB infusion or at early

trial termination. Adverse events were recorded from trial enrollment

until adverse event resolution, 28 (±3) days after the last dose, or early

trial termination (whichever occurred first). Immunogenicity testing

samples were collected prior to the planned procedure, 7–14 days

following the initial EB dose, and 2 and 28 days following the final EB

infusion, or at early trial termination.

2.5 Immunogenicity tests

Serum samples were analysed for anti-EB antibodies (all isotypes)

at a central laboratory using an electrochemiluminesent assay; any

positive samples were retested in a confirmatory assay to verify signal

specificity. Samples that tested positive in both initial and confirmatory

assays were further analysed for functional FVIIa inhibition. Since EB

is isolated from the milk of transgenic rabbits, serum samples were

also tested for antibodies against rabbit milk proteins.

2.6 Ethics

All study protocols were reviewed and approved by institutional

review boards or independent ethics committees at each study site,

and were conducted in compliance with good clinical practice as

described in the principles stated in the Declaration of Helsinki.23

Written informed consent was obtained from all subjects (or their

parents or legal guardians if under 18 years of age) at enrollment.

PERSEPT 1, PERSEPT 2 and PERSEPT 3 trials are registered at www.

clinicaltrials.gov (NCT02020369, NCT02448680 and NCT02548143,

respectively).

3 RESULTS

3.1 Subject population

Trial participant demographics are shown in Supporting Information

(Table S2). No subject was receiving emicizumab prophylaxis. Subjects

from the PERSEPT 1 trial have been previously described.15 Briefly,

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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F IGURE 2 (A) Subject disposition in PERSEPT 3. (B) Treatment protocol for surgical procedures in PERSEPT 3

29 subjects were screened and 27 enrolled in PERSEPT 1; 31 subjects

were screened for the PERSEPT 2 trial with 25 subjects being enrolled

(Figure 1A). Five subjects discontinued PERSEPT 1 early due to

noncompliance (two subjects); withdrawal of consent (two subjects;

one for personal reasons and another for perceived lack of efficacy of

the lower IDRgiven past experiencewith high dose EA); or by physician

decision (one subject noncompliant and having difficulty administer-

ing EB independently). Four subjects discontinued PERSEPT 2 before

the end of the trial, either due to withdrawal of consent (two subjects)

or by physician decision (two subjects; one subject was noncompliant

and another needed to be placed on prophylaxis; Figure 1A). No sub-

ject in PERSEPT 1 or PERSEPT 2 was discontinued from a trial due to

an adverse event.

Eighteen subjects were screened for PERSEPT 3 and 12 subjects

were enrolled (six each in the minor and major surgery groups; Fig-

ure 2A). Two subjects left PERSEPT 3 early: one subject (age 9) in the

minor surgery group due to withdrawal of consent (for perceived lack

of efficacy), and another subject in the major surgery group due to an

adverse event.

3.2 Safety

Subjects in these three trials experienced 1029 bleeding episodes or

invasive procedures and received 3388 EB infusions during 1087 EB

exposure episodes (Table 1). An exposure episode (a period of study

drug exposure) was characterized as any of the following: (i) the course

of all EB infusions given to treat a bleeding episode; (ii) a single EB

dose given for PK assessment purposes; (iii) all EB infusions adminis-

tered just prior to and during an invasive procedure; or (iv) the course

of all EB infusions given during post-operative recovery following an

invasive procedure. Mean drug exposure levels and duration were also

recorded (Table 1).

Adverse event summary statistics are shown in Table 2. Adverse

events were further examined by IDR and surgery type (Figure 3). In

PERSEPT 1, eight subjects in the 75 µg/kg IDR experienced 15 TEAEs

and six subjects in the 225 µg/kg IDR experienced 12 TEAEs. Both EB

IDRswere well tolerated.

One patient in the 75 µg/kg IDR of PERSEPT 1 experienced six

treatment-related TEAEs (four instances of infusion-site discomfort
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TABLE 1 PERSEPT trial characteristics. The number of bleeding episodes, surgeries, exposure episodes, EB infusions, the extent of EB
exposure and the time that subjects participated in PERSEPT 1, PERSEPT 2 and PERSEPT 3 trials are shown

Trial

Number of

subjects

Number of bleeding

episodes or surgeries

Number of

exposure episodes

Number of

infusions

Drug exposure

(µg/kg), mean (SD)

Time in trial,

mean (SD)

PERSEPT 1 27 468 508 968 4016 (3258) 6.6 (2.6) months

PERSEPT 2 25 549 555 1686 7053 (6653) 11.2 (5.3) months

under age 6 13 253 258 805 6505 (8311) 9.9 (5.0) months

ages 6 to<12 12 296 297 881 7647 (4526) 12.6 (5.4) months

PERSEPT 3 12 12 24 734 4650 (2961) 11.0 (11.1) tx days

minor surgery 6 6 12 229 2863 (1521) 4.3 (3.7) tx days

major surgery 6 6 12 505 6438 (3051) 17.6 (12.4) tx days

All studies 60a 1029 1087 3388 5676 (5261) 7.7 (5.2) months

SD, standard deviation; tx, treatment.
aPERSEPT 1, PERSEPT 2 and PERSEPT 3 collectively enrolled 64 subjects; however, as two subjects from PERSEPT 1 and two subjects from PERSEPT 2 also

participated in PERSEPT 3, in total only 60 individuals participated in the three trials.

TABLE 2 The number of treatment-emergent adverse events (TEAEs), serious adverse events (SAEs) and treatment-related TEAEs reported in
PERSEPT 1, PERSEPT 2 and PERSEPT 3 clinical trials. The number of subjects who experienced adverse events is also indicated. The number of
treatment-related TEAEs from all three trials is highlighted in bold

Treatment-Emergent Treatment-Related

Trial

Number of

AEs, N (r)a
Number of subjects

with AEs, N (%)b
Number of

SAEs, N (r)a
Number of subjects

with SAEs, N (%)b
Number of

AEs, N (r)a
Number of subjects

with AEs, N (%)b

PERSEPT 1 27 (0.05) 12 (44.4) 2 (0.004) 1 (3.7) 7 (0.01) 2 (7.4)

PERSEPT 2 70 (0.13) 17 (68.0) 3 (0.005) 2 (8.0) 0 (0) 0 (0)

under age 6 37 (0.14) 8 (61.5) 1 (0.004) 1 (7.7) 0 (0) 0 (0)

ages 6 to<12 33 (0.11) 9 (75.0) 2 (0.007) 1 (8.3) 0 (0) 0 (0)

PERSEPT 3 36 (1.50) 10 (83.3) 2 (0.083) 1 (8.3) 3 (0.13)c 1 (8.3)

minor surgery 8 (0.67) 4 (66.7) 0 (0) 0 (0) 0 (0) 0 (0)

major surgery 28 (2.33) 6 (100.0) 2 (0.167) 1 (16.7) 3 (0.25)c 1 (16.7)

All studies 133 (0.12) 39 (65.0) 7 (0.006) 4 (6.7) 10 (0.01) 3 (5.0)

AE, adverse event; SAE, serious adverse event.
aThe number (r) of adverse events per EB exposure episode in each trial (or trial subgroup) is shown in parentheses.
bThe percentage of subjects experiencing adverse events, relative to the number of subjects in each trial (or trial subgroup), is shown in parentheses.
cThese three adverse events were considered to be treatment-related by the site investigator; however, the data monitoring committee dissented, finding

upon case review that two of the three adverse events were unlikely related to EB treatment.

and two infusion-site hematoma events), which were considered to be

mild by the site investigator and all resolved. Another patient in the

225 µg/kg IDR experienced one treatment-related TEAE (increased

body temperature), which was considered moderate in severity and

resolved upon treatment with ibuprofen and other non-steroidal anti-

inflammatory medications. Overall, 0.01 treatment-related TEAEs per

exposure episode were observed in PERSEPT 1. One PERSEPT 1 sub-

ject in the 75 µg/kg IDR experienced acute tonsillitis and subarachnoid

haemorrhage, two SAEs that required hospitalization and ultimately

resolved upon treatment; neither of these two SAEs were considered

to be related to EB administration by the site investigator.

In PERSEPT 2, 12 subjects experienced 29 TEAEs in the 75 µg/kg
IDR and 15 subjects experienced 41 TEAEs in the 225 µg/kg IDR.

None of these TEAEs were treatment-related (Figure 3), and both

IDRs were well tolerated in this cohort. One subject in the 225 µg/kg
IDR experienced an intracranial bleed and paresis that required pro-

longedhospitalization; these twoepisodeswere characterized as SAEs.

A second PERSEPT 2 subject from the 225 µg/kg IDR experienced

dysentery, which was characterized as a SAE (an acute infection).

Each of these three SAEs ultimately resolved with treatment, and

were not considered to be related to EB administration by the site

investigator.

The six minor procedures in PERSEPT 3 included three circumci-

sions and three tooth extractions, while the six major surgeries were

all orthopaedic procedures of the lower extremities and included two

amputations, two knee surgeries, a hip replacement and an achillo-

plasty. Four subjects in the minor surgery group experienced eight

TEAEs, while six subjects in the major surgery group experienced 28
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F IGURE 3 TEAEs and treatment-related TEAEs per exposure episode following EB infusion, stratified by IDR (PERSEPT 1 and PERSEPT 2) or
pre-incision dose used in each surgery type (PERSEPT 3). Overall TEAEs and treatment-related TEAEs per exposure episode from the three clinical
trials (grouped by IDR or pre-incision dose) are also shown

TEAEs (Table 2 and Figure 3). EB treatment was well tolerated in both

groups.

One subject from themajor surgery group experienced three TEAEs

that were considered treatment-related by the site investigator. This

subject had undergone a right hip replacement that proceeded with-

out complications using a 200 µg/kg pre-incision EB dose followed by

75 µg/kg intraoperative/postoperative EB infusions (Figure 2B), and

experienced a post-procedural hematoma one day after the surgery.

The site investigator considered this TEAE as possibly related to EB

treatment, withdrew study drug and discontinued the subject from the

trial. The subject received concomitant medication (including FEIBA®)

for two more days but the post-procedural hematoma did not resolve.

The subject died approximately two days after study discontinuation

from acute blood loss anaemia stemming from gastrointestinal haem-

orrhage. The site investigator considered the blood loss anaemia and

gastrointestinal haemorrhage (both SAEs) as probably related to EB

administration, but the study’s independent data monitoring commit-

tee (DMC) did not agree: given the 2-day interval between study

discontinuation and SAE onset along with the approximately 1.6-h

half-life of EB,6 the lack of clinical evidence or autopsy findings that

supported study drug relatedness, and other subject risk factors, the

DMC concluded that both the blood loss anaemia and the gastroin-

testinal haemorrhage (and hence the subject’s death) were unlikely

related toEB treatment. This subject hadpreviously participated in and

completed the PERSEPT 1 trial, where he was treated for 25 bleeding

episodes without experiencing any TEAEs. No other death, SAE or dis-

continuation from the study due to a TEAE occurred in PERSEPT 3.

Themost common TEAEs experienced by two ormore subjects in at

least one clinical studyare shown inTable3. PERSEPT1andPERSEPT2

adverse events are consolidated in Figure 4 to compare adverse event

occurrences in a bleed treatment setting (stratified by IDR) with those

in theminor andmajor surgery environments fromPERSEPT3. In total,

133 TEAEs and 10 treatment-related TEAEs were observed during

the three clinical trials and 1087 exposure episodes were recorded,

yielding 0.12 and 0.01 TEAEs and treatment-related TEAEs per expo-

sure episode, respectively (Table 2).

3.3 Thromboembolic events

No thromboembolic eventswere recorded in anyof the subjects, either

during episodic use (PERSEPT 1 and PERSEPT 2) or in the surgical

setting (PERSEPT 3). A history of thrombosis, thromboembolism or

known risk factors for thrombosis were exclusion criteria.

3.4 Immunogenicity

No allergic, hypersensitivity or anaphylactic events were reported in

any of the trials. A positive anti-EB antibody testwas confirmed for one

PERSEPT 1 subject 12 weeks after initial EB infusion, and was nega-

tive at weeks 18, 24 and the end of study visit. Anti-EB antibody was

also confirmed in aPERSEPT2subject at every safety assessment time-

point (including prior to EB exposure) except for the end of study visit.

In all cases, the antibodies detected were non-neutralizing. Another

PERSEPT 2 patient tested positive for antibodies against rabbit milk

protein at week 66, with two subsequent assays at week 72 and the

end of study visit being negative. The lack of any other clinical manifes-

tations indicating an immune response in this subject suggests that the

transient reactivity tomilk protein was likely a false-positive result.



928 ESCOBAR ET AL.

TABLE 3 TEAEs that occurred in two ormore subjects in at least one clinical trial. The number (n) and percentage (%) of subjects that
experienced a given TEAE in each trial is shown in the table

Number of subjects, n (%)

TEAE PERSEPT 1 PERSEPT 2 PERSEPT 3 All trials

Nasopharyngitis (common cold) 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)

Diarrhea 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)

F IGURE 4 TEAEs and treatment-related TEAEs per exposure episode following EB administration for both bleeding episode treatment and
perioperative settings. The panel showing results from the perioperative setting is further subdivided intominor andmajor surgery groups

4 DISCUSSION

Bypassing agents are a mainstay for treatment of bleeding in

haemophilia A and haemophilia B patients with inhibitors, both in

acute bleed treatment and perisurgical settings. The safety record

of EA has been followed closely in this patient population since

198824 and has been associated with a low incidence of thrombotic

events.11 In addition, no cases of neutralizing antibodies against EA

have been reported in haemophilia patients with inhibitors.10,13 The

clinical experience of EA in paediatric cohorts has been similar to

that in adults: an analysis of safety data from paediatric trials involv-

ing 172 subjects, 1184 bleeding episodes and 28 surgeries revealed

one confirmed treatment-related thrombotic event.25 Surgical proce-

dures (both minor and major) have been performed with EA without

treatment-related TEAEs in the majority of cases.26–29 Doses as high

as 300 µg/kg EA have been used without apparent safety issues.30,31

Monotherapy with rFVIIa (either EA or EB) has emerged as the recom-

mended treatment for breakthrough bleeds in haemophilia A patients
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with inhibitors on emicizumab,32 a consequence of thrombotic com-

plications arising from breakthrough bleeds that were treated with

aPCCor aPCCandEAcombined8,33 but notEAalone.34 The favourable

safety profile of FDA-approved rFVIIa products stems from localized

rFVIIa activity while bound to exposed tissue factor (TF) or activated

platelets at the site of vascular injury35,36: absent exposed TF or acti-

vated platelets, coagulation at undamaged tissue is disfavoured. The

rFVIIa safetyprofile is further boostedby rapidplasmaelimination (t1/2

of 2–3 h in haemophilia A or B individuals),6,37 which may be aided by

EPCR-mediated transport from plasma into extravascular tissue.22

The clinical trial data reportedhere show that EB is safe andwell tol-

erated inhaemophilia patientswith inhibitors, a clinical experience that

mirrors that of EA. The threePhase3 clinical trials enrolled60 subjects,

and recorded 1087 EB exposure episodes that were associated with

3388 infusions of study drug during 1029 bleeding episodes or surg-

eries. Ten treatment-related TEAEs (0.01 treatment-related TEAEs per

exposure episode) arose during the PERSEPT studies (Table 2), with six

of those being experienced by a single PERSEPT 1 subject. Treatment-

related TEAE occurrences showed no apparent correlation with IDR

(Figures 3 and 4), though a rigorous statistical comparison was not

made owing to the small number of treatment-related TEAEs available

for analysis. One death occurred during the PERSEPT 3 trial, and was

considered to be unlikely related to EB administration by the indepen-

dent DMC.

No allergic, hypersensitivity or anaphylactic events were reported

in any of these trials. While emergence of neutralizing antibodies

against other investigational rFVIIa molecules has been previously

observed,38,39 no neutralizing antibodies against EB were detected

during the three PERSEPT trials. Transient and non-neutralizing anti-

EB antibodies were detected in one subject from PERSEPT 1 and

another fromPERSEPT2,with anti-EB antibody being confirmed in the

PERSEPT 2 subject prior to EB exposure. This subject had received EA

therapy a few months prior to study entry, which may have given rise

to an antibody that cross-reacted with EB. No thrombotic or throm-

boembolic events were observed, even in the surgical setting. Clin-

ical experience demonstrates that thrombotic events related to the

administration of rFVIIa (EA) in haemophilia patients with inhibitors

are quite rare: one report by Abshire and Kenet describes just 30

thrombotic events fromanestimated800,000 infusions,13 andanother

study of haemophilia patients with inhibitors in both bleed treatment

and prophylactic settings by Shapiro et al. found no thrombotic events

after 61,734 EA infusions.40 While the lack of EB-related thrombotic

events is a welcome observation and congruent with published data

for EA, additional clinical experience is needed to characterize the

risk of thrombotic events associated with EB utilization in haemophilia

patients with inhibitors.

5 CONCLUSION

The collective results from three trials demonstrate an excellent EB

clinical safety profile. EB provides clinicians with a new option for

bleeding episode treatment and perioperative care in haemophilia A

or B patients with inhibitors. Additional clinical use in real-world set-

tings and in post-approval studies such as ATHN 16 (NCT04647227)

will augment our understanding of EB safety.

ACKNOWLEGEMENTS

The Program for the Evaluation of Recombinant Factor Seven Efficacy

byProspectiveClinical Trial - PERSEPTwas fundedbyLFB. Theauthors

wish to thank the study investigators at each study site. The authors

would also like to thank Sonia Nasr, PhD and Ian S. Mitchell, PhD of

GLOVAL LLC for their assistance during the editing of this manuscript,

and Fernanda Giupponi, PharmD of LFB for valued manuscript

review.

CONFLICT OF INTEREST

M.E. has received honoraria for consulting and participating in advi-

sory boards from BioMarin, Novo Nordisk, Genentech, Sanofi, Takeda,

Pfizer, Kedrion, CSL Behring and NHF. G.C. has received hono-

raria as a speaker/participant on advisory boards for Alexion, Bayer,

Shire/Takeda,CSLBehring,NovoNordisk, Sobi, Roche, uniQure, Sanofi,

Werfen, Kedrion, LFB and Grifols; M.C. has received grant/research

support from Roche/Genentech; has participated in speaker’s bureaus

with Takeda, Genentech, Bayer and Novo Nordisk; has received hon-

oraria from Takeda, Roche/Genentech, Pfizer, HEMA Biologics, Spark,

BioMarin, Sanofi, Kedrion, Grifols and Bayer; is a major stock share-

holder in Alnylum; and has served on advisory boards for Takeda,

Roche/Genentech, Pfizer, HEMA Biologics, Spark, uniQure, BioMarin,

Sanofi, Kedrion, Grifols and Bayer. P.d.M. has received consulting fees

from Novo Nordisk, LFB and Bayer. J.D. has acted as a consultant for

Bayer and HEMA Biologics, and has been on the speaker’s bureau for

Bayer. C.L. has received honoraria for advisory board participation for

Bayer, Catalyst, CSL Behring, Genentech, Sanofi and Takeda. J.L. has

acted as a paid consultant to Novo Nordisk. J.M. has received research

grants from Bayer, Biogen, BioMarin, CSL, Novo Nordisk, Sobi, Roche

and uniQure; has served on scientific advisory committees of Amgen,

Bayer, Biotest, Biogen, Baxalta, CSL Behring, Catalyst Biosciences,

NovoNordisk, Roche and Spark; and has been amember of the speaker

bureau of Alnylam, Bayer, Biotest, Biogen, Novo Nordisk, Pfizer, Sobi,

Shire, Roche, ISTH and WFH. W.M. declares interests with Alny-

lam, Bayer, Biogen, Chugai, CSL Behring, Novo Nordisk, Octapharma,

Pfizer, LFB, Roche, Takeda, Freeline, BioMarin, Sobi and uniQure. C.N.

has received honoraria/consultation fees or grants/research support

from Bayer, CSL Behring, Freeline, LFB, Novo Nordisk, Octapharma,

Pfizer, Roche-Chugai, Sanofi, Shire-Takeda, Sobi and Spark Therapeu-

tics. D.Q. had received honoraria/consulting fees fromBayer, BioMarin,

Bioverativ/Sanofi, Catalyst, Novo Nordisk and Roche/Genentech; and

has been on the speaker’s bureau for BioMarin, Bioverativ/Sanofi,

Novo Nordisk, Takeda, and Roche/Genentech. M.R.’s employers have

received research funding from Bayer, BioMarin, CSL Behring, Genen-

tech, Grifols, HEMABiologics, LFB, Novo Nordisk, Octapharma, Pfizer,

Sanofi, Spark, Takeda and uniQure. M.R. has acted as a paid consul-

tant toCatalystBiosciences, CSLBehring,Genentech,HEMABiologics,

Kedrion, Novo Nordisk, Pfizer, Sanofi, Takeda and uniQure. M.R. is on

the board of directors of Foundation for Women and Girls with Blood



930 ESCOBAR ET AL.

Disorders and Partners in Bleeding Disorders. M.R. is an employee

of the American Thrombosis and Hemostasis Network and Oregon

Health & Science University. J.F.S has received grants from Pfizer,

Bayer, Novo Nordisk and LFB, and has fees for consulting to Sobi.

A.D.S. has served on advisory boards or as consultant for Genentech,

Roche, Novo Nordisk, BioMarin, Bioverativ, Sanofi, ProMetric Bio Sci-

ences, Sangamo, Sigilon and Takeda; and has received research funding

from these organizations plus Agios, OPKO Global Bio Therapeutics,

Kedrion, Octapharma and Novartis. R.F.S. has acted as a paid consul-

tant for Takeda, Sanofi, Sobi, Catalyst, BioMarin, NovoNordisk, Genen-

tech, Octapharma, Bayer, Pfizer, Grifols, Kedrion and HEMA Biolog-

ics; and has investigator-initiated grants fromGrifols (Mexico Inhibitor

Study), Takeda (ATHN 9), Genentech and Octapharma (Emi PUPs and

Nuwiq ITI) and Octapharma (MOTIVATE study). A.S. has served as

the chair of the DMC for this study. M.W. has been a consultant

and/or advisor to Bioverativ/Sanofi, Takeda, CSL Behring, Catalyst Bio-

sciences, Novo Nordisk, Bayer, Octapharma, Genentech, HEMA Bio-

logics, BioMarin and uniQure, and was a study investigator for HEMA

Biologics for research carried out in this work. G.Y. has received hono-

raria for consulting for Genentech/Roche and a grant fromGenentech.

G.Y. also has received honoraria from BioMarin, Grifols, Pfizer, Sanofi,

Spark, and Takeda; and has grants from Grifols and Takeda. W.A.A.

works as a consultant for HEMA Biologics, LLC, and has received fees

for speaking and consulting. A.A-S. andD.B. are employees of LFB-USA.

C.M. is an employee of HEMA Biologics, LLC. T.A.W. is a medical writer

for GLOVAL LLC. C.K. received research support from Bayer, Genen-

tech, Novo Nordisk, Octapharma and Takeda; and has served on advi-

sory boards for Bayer, CSL, Genentech, Novo Nordisk, Octapharma,

Takeda, Pfizer and HEMA Biologics. S.B.B., C.H., J.J., I.H.M., O.S. and

K.V.V. have no competing interests to declare.

AUTHOR CONTRIBUTIONS

All of the authors analysed and interpreted the data. W.A.A. and T.A.W.

co-wrote the manuscript, and all authors edited the manuscript. G.C.,

S.B.B., J.D., J.J., J.M., I.H.M., D.Q., J.F.S, O.S., K.V. and M.W. were clini-

cal trial investigators; A.S., P.d.M. and C.K. served on the data monitor-

ing committee (A.S. as chair). All authors reviewed and approved the

manuscript.

DATA AVAILABILITY STATEMENT

Data available from the authors upon reasonable request.

ORCID

Miguel Escobar https://orcid.org/0000-0002-2944-0240

GiancarloCastaman https://orcid.org/0000-0003-4973-1317

JohnnyMahlangu https://orcid.org/0000-0001-5781-7669

WolfgangMiesbach https://orcid.org/0000-0001-8286-5398

ClaudeNégrier https://orcid.org/0000-0002-2905-055X

AmyD. Shapiro https://orcid.org/0000-0003-2821-7159

Alok Srivastava https://orcid.org/0000-0001-5032-5020

MichaelWang https://orcid.org/0000-0001-9289-4862

GuyYoung https://orcid.org/0000-0001-6013-1254

REFERENCES

1. Astermark J. Overview of inhibitors. Semin Hematol. 2006;43(2 Suppl

4):S3-7.

2. 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.

3. Ljung R, Auerswald G, Benson G, et al. Inhibitors in haemophilia A

and B: management of bleeds, inhibitor eradication and strategies for

difficult-to-treat patients. Eur J Haematol. 2019;102(2):111-122.
4. Négrier C, Gomperts ED, Oldenburg J. The history of FEIBA: a lifetime

of success in the treatment of haemophilia complicated by an inhibitor.

Haemophilia. 2006;12(s5):4-13.
5. Hedner U. Recombinant activated factor VII: 30 years of research and

innovation. Blood Rev. 2015;29 Suppl 1:S4-8.
6. SEVENFACT® [Package Insert]. Louisville, KY: HEMA Biologics, LLC;

2020.

7. Shapiro AD, Mitchell IS, Nasr S. The future of bypassing agents for

hemophiliawith inhibitors in theeraof novel agents. J ThrombHaemost.
2018;16(12):2362-2374.

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

Hemophilia Awith Inhibitors.N Engl J Med. 2017;377(9):809-818.
9. Abshire T, Kenet G. Recombinant factor VIIa: review of efficacy, dos-

ing regimens and safety in patientswith congenital and acquired factor

VIII or IX inhibitors. J Thromb Haemost. 2004;2(6):899-909.
10. Neufeld EJ, Négrier C, Arkhammar P, et al. Safety update on the use

of recombinant activated factor VII in approved indications. Blood Rev.
2015;29 Suppl 1:S34-41.

11. Neufeld EJ, Négrier C, Benchikh El Fegoun S, Cooper DL, Rojas-Rios A,

Seremetis S. Recombinant activated factorVII in approved indications:

update on safety.Haemophilia. 2018;24(4):e275-e277.
12. Meeks SL, Leissinger CA. The evolution of factor VIIa in the

treatment of bleeding in haemophilia with inhibitors. Haemophilia.
2019;25(6):911-918.

13. Abshire T, Kenet G. Safety update on the use of recombinant factor

VIIa and the treatment of congenital and acquired deficiency of factor

VIII or IX with inhibitors.Haemophilia. 2008;14(5):898-902.
14. Biron-Andreani C, Schved JF. Eptacog beta: a novel recombinant

human factor VIIa for the treatment of hemophilia A and B with

inhibitors. Expert Rev Hematol. 2019;12(1):21-28.
15. 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.
16. Ducore J, Lawrence JB, SimpsonM, 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.
17. 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.

18. Chevreux G, Tilly N, Leblanc Y, et al. Biochemical characterization of

LR769, a newrecombinant factorVIIa bypassing agent produced in the

milk of transgenic rabbits.Haemophilia. 2017;23(4):e324-e334.
19. Grandoni J, Perret G, Forier C. Kinetic analysis and binding studies of

a new recombinant human factor VIIa for treatment of haemophilia.

Haemophilia. 2017;23(2):300-308.
20. Sen P, Gopalakrishnan R, Kothari H, et al. Factor VIIa 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.

21. Keshava S, Sundaram J, Rajulapati A, Esmon C, Pendurthi U, Rao

LVM. Factor VIIa interaction with EPCR modulates the hemostatic

effect of rFVIIa in hemophilia therapy: mode of its action. Blood Adv.
2017;1(15):1206-1214.

https://orcid.org/0000-0002-2944-0240
https://orcid.org/0000-0002-2944-0240
https://orcid.org/0000-0003-4973-1317
https://orcid.org/0000-0003-4973-1317
https://orcid.org/0000-0001-5781-7669
https://orcid.org/0000-0001-5781-7669
https://orcid.org/0000-0001-8286-5398
https://orcid.org/0000-0001-8286-5398
https://orcid.org/0000-0002-2905-055X
https://orcid.org/0000-0002-2905-055X
https://orcid.org/0000-0003-2821-7159
https://orcid.org/0000-0003-2821-7159
https://orcid.org/0000-0001-5032-5020
https://orcid.org/0000-0001-5032-5020
https://orcid.org/0000-0001-9289-4862
https://orcid.org/0000-0001-9289-4862
https://orcid.org/0000-0001-6013-1254
https://orcid.org/0000-0001-6013-1254


ESCOBAR ET AL. 931

22. 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 VIIa. J Thromb Haemost.
2012;10(11):2383-2391.

23. WorldMedical Association.WorldMedical AssociationDeclaration of

Helsinki: ethical principles for medical research involving human sub-

jects. JAMA. 2013;310(20):2191-2194.
24. Hedner U, Glazer S, Pingel K, et al. Successful use of recombinant fac-

tor VIIa in patient with severe haemophilia A during synovectomy.

Lancet. 1988;2(8621):1193.
25. Croteau SE, Nakar C, Neufeld EJ, Shapiro A, Cooper DL. Safety and

efficacy of recombinant factor VIIa by pediatric age cohort: reassess-

ment of compassionate use and trial data supporting US label. Pediatr
Blood Cancer. 2016;63(10):1822-1828.

26. Shapiro AD, Gilchrist GS, Hoots WK, Cooper HA, Gastineau DA.

Prospective, randomised trial of two doses of rFVIIa (NovoSeven)

in haemophilia patients with inhibitors undergoing surgery. Thromb
Haemost. 1998;80(5):773-778.

27. Pruthi RK, Mathew P, Valentino LA, et al. Haemostatic efficacy and

safety of bolus and continuous infusion of recombinant factor VIIa

are comparable in haemophilia patients with inhibitors undergoing

major surgery. Results from an open-label, randomized, multicenter

trial. Thromb Haemost. 2007;98(4):726-732.
28. Valentino LA, Cooper DL, Goldstein B. Surgical experience with

rFVIIa (NovoSeven) in congenital haemophilia A and B patients with

inhibitors to factors VIII or IX.Haemophilia. 2011;17(4):579-589.
29. Takedani H, Shima M, Horikoshi Y, et al. Ten-year experience

of recombinant activated factor VII use in surgical patients with

congenital haemophilia with inhibitors or acquired haemophilia in

Japan.Haemophilia. 2015;21(3):374-379.
30. Kenet G, Lubetsky A, Luboshitz J, Martinowitz U. A new approach to

treatment of bleeding episodes in young hemophilia patients: a sin-

gle bolus megadose of recombinant activated factor VII (NovoSeven).

J Thromb Haemost. 2003;1(3):450-455.
31. Neufeld EJ, Kessler CM, Gill JC, Wilke CT, Cooper DL, HTRS Inves-

tigators. Exposure and safety of higher doses of recombinant factor

VIIa ≥250 µg kg−1 in individuals with congenital haemophilia com-

plicated by alloantibody inhibitors: the Haemophilia and Thrombo-

sis Research Society Registry experience (2004-2008). Haemophilia.
2011;17(4):650-656.

32. Medical and Scientific Advisory Council (MASAC).MASAC Recommen-
dations Concerning Products Licensed for the Treatment of Hemophilia
and Other Bleeding Disorders. MASAC Document #263; New York, NY:

National Hemophilia Foundation; 2020.

33. Langer AL, Etra A, Aledort L. Evaluating the safety of emicizumab in

patients with hemophilia A. Expert Opin Drug Saf. 2018;17(12):1233-
1237.

34. Levy GG, Asikanius E, Kuebler P, Benchikh El Fegoun S, Esbjerg S,

Seremetis S. Safety analysis of rFVIIa with emicizumab dosing in con-

genital hemophilia Awith inhibitors: experience from theHAVEN clin-

ical program. J Thromb Haemost. 2019;17(9):1470-1477.
35. Monroe DM, Hoffman M, Oliver JA, Roberts HR. Platelet activity of

high-dose factor VIIa is independent of tissue factor. Br J Haematol.
1997;99(3):542-547.

36. Ruf W, Rehemtulla A, Morrissey JH, Edgington TS. Phospholipid-

independent and -dependent interactions required for tissue factor

receptor and cofactor function. J Biol Chem. 1991;266(4):2158-2166.
37. NOVOSEVEN® RT [Package Insert]. Bagsværd, Denmark: Novo Nordisk

A/S; 2020.

38. Lentz SR, Ehrenforth S, Karim FA, et al. Recombinant factor VIIa ana-

log in the management of hemophilia with inhibitors: results from a

multicenter, randomized, controlled trial of vatreptacog alfa. J Thromb
Haemost. 2014;12(8):1244-1253.

39. Mahlangu J, Paz P, Hardtke M, Aswad F, Schroeder J. TRUST trial:

BAY 86–6150 use in haemophilia with inhibitors and assessment for

immunogenicity.Haemophilia. 2016;22(6):873-879.
40. Shapiro AD, Neufeld EJ, Blanchette V, Salaj P, Gut RZ, Cooper DL.

Safety of recombinant activated factor VII (rFVIIa) in patients with

congenital haemophilia with inhibitors: overall rFVIIa exposure and

intervals following high (>240 µg kg−1) rFVIIa doses across clinical tri-
als and registries.Haemophilia. 2014;20(1):e23-31.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: EscobarM, CastamanG, Boix SB, et al.

The safety of activated eptacog beta in themanagement of

bleeding episodes and perioperative haemostasis in adult and

paediatric haemophilia patients with inhibitors.Haemophilia.

2021;27:921–931. https://doi.org/10.1111/hae.14419

https://doi.org/10.1111/hae.14419

	The safety of activated eptacog beta in the management of bleeding episodes and perioperative haemostasis in adult and paediatric haemophilia patients with inhibitors
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Adverse event definitions
	2.2 | Eligibility criteria
	2.3 | PERSEPT 1 and PERSEPT 2 trial design
	2.4 | PERSEPT 3 trial design
	2.5 | Immunogenicity tests
	2.6 | Ethics

	3 | RESULTS
	3.1 | Subject population
	3.2 | Safety
	3.3 | Thromboembolic events
	3.4 | Immunogenicity

	4 | DISCUSSION
	5 | CONCLUSION
	ACKNOWLEGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


