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Abstract

Background: Efanesoctocog alfa is a new class of factor (F) VIII replacement therapy
designed to provide high sustained factor levels for longer by overcoming the von
Willebrand factor half-life ceiling.

Objectives: To assess the pharmacokinetics and safety of standard half-life (octocog
alfa) and extended half-life (rurioctocog alfa pegol) FVIlls and efanesoctocog alfa.
Methods: This phase 1 study (NCT05042440; EudraCT 2021-000228-37) enrolled
previously treated adult men with severe hemophilia A. Patients received sequential
single 50-1U/kg doses of octocog alfa, rurioctocog alfa pegol, and efanesoctocog alfa
after appropriate washout periods between each dose.

Results: Thirteen participants were enrolled. Geometric mean elimination half-life of
octocog alfa, rurioctocog alfa pegol, and efanesoctocog alfa was 11.0, 15.4, and 43.3
hours, respectively, and area under the FVIII activity-time curve was 1670, 2820, and
10,100 IU x h/dL, respectively. Efanesoctocog alfa maintained mean FVIII activity
levels of >40 IU/dL for up to 4 days and at ~10 IU/dL on day 7. Corresponding times
for >40 IU/dL and >10 IU/dL were <1 and <2 days, respectively, for octocog alfa and 1
day and <3 days, respectively, for rurioctocog alfa pegol. No serious treatment-
emergent adverse events were reported for efanesoctocog alfa, and no inhibitor
development to FVIII was detected.

Conclusion: Efanesoctocog alfa had 3- to 4-fold longer elimination half-life and 3- to 6-
fold greater exposure (area under the FVIII activity-time curve, 6.03 and 3.57 folds)
than octocog alfa and rurioctocog alfa pegol. Efanesoctocog alfa provided high sus-
tained FVIII activity in the normal-to-near-normal range (>40 IU/dL) for up to 4 days
after the dose and at ~10 IU/dL on day 7.
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Essentials

» Binding of factor (F) VIII to von Willebrand factor (VWF) limits the half-life of recombinant FVIII.

« Efanesoctocog alfa uncouples the binding of recombinant FVIII and VWEF to increase the half-life of FVIII.

« We assessed the pharmacokinetics of standard and extended half-life FVIII and efanesoctocog alfa.

* The half-life of efanesoctocog alfa was 3- to 4-fold longer than those of the other 2 recombinant FVIII products.

1 | INTRODUCTION

People with severe hemophilia A, defined as <1 1U/dL endogenous
factor (F) VIII activity, experience frequent bleeds into major joints, soft
tissue, and muscles. [1] Prophylaxis with FVIII replacement therapy
aims to prevent occurrence of bleeds. Currently available FVIII
replacement products are classified as standard half-life (SHL; approx-
imately 12 hours half-life, eg, octocog alfa) [2] or extended half-life
(EHL; 14-19 hours half-life, eg, rurioctocog alfa pegol) [3-8]. The half-
life of these FVIII replacement products is limited by the chaperone
effect of von Willebrand factor (VWF), whereby FVIII is noncovalently
bound to VWF, a protein with a half-life of ~15 hours [9]. Achieving
recommended FVIII trough levels of >3 to 5 IU/dL [10] with currently
available FVIII replacement therapies requires 2 to 3 weekly injections
or more [8], which may pose a substantial treatment burden and a
barrier to adherence. Furthermore, life-threatening bleeds and joint
bleeds still occur with regular prophylaxis, which can have long-term
physical and quality-of-life implications for people with severe hemo-
philia A [11-14]. Maintaining high sustained factor levels in the mild
hemophilia (ie, >5 IU/dL) or even normal-to-near-normal range (ie, >40
IU/dL) may be required to increase protection from all bleeds [15],
preserve joint health, and improve physical function in order to achieve
health equity [16] and, potentially, a “hemophilia-free mind.” [17]
Efanesoctocog alfa (BIVV0O01) is a new class of FVIII replacement
therapy uniquely designed to increase recombinant FVIII half-life in
part by decoupling FVIII from endogenous VWF [18] to provide high
sustained FVIII activity levels during the once-weekly dosing.
Efanesoctocog alfa is composed of a single recombinant FVIII protein,
the Fc domain of immunoglobulin G1, the D'D3 domain of VWF (FVIII
binding domains), and 2 XTEN polypeptides [18]. Nonclinical and
clinical data demonstrate that the half-life of efanesoctocog alfa is
VWEF independent [18-23]. In a phase 1 repeat-dose study (EU Clin-
ical Trials Register: 2018-001535-51), once-weekly efanesoctocog
alfa at 50 1U/kg had a half-life of up to 41 hours and provided high
sustained FVIII activity in the normal-to-near-normal range (ie, >40
IU/dL) for most of the week and ~10 IU/dL on day 7 [20]. This
pharmacokinetics (PK) profile was confirmed in the recently
completed phase 3 XTEND-1 study (NCT04161495), which evaluated
the efficacy, safety, and PK of efanesoctocog alfa in previously treated
persons with severe hemophilia A [21,23]. In XTEND-1, prophylaxis
with once-weekly efanesoctocog alfa was well tolerated and provided
superior bleed protection compared with prior FVIII prophylaxis
[21,23]. The primary objective of the current study was to compare
the half-life of efanesoctocog alfa, octocog alfa (SHL), and rurioctocog

alfa pegol (EHL) after a single intravenous injection. Secondary ob-
jectives were to compare additional PK parameters and evaluate the
safety and tolerability of efanesoctocog alfa. Due to FVIII binding to
endogenous VWF for all previously developed recombinant FVIII
molecules and interindividual variability in VWF plasma levels and
clearance (CL), recombinant FVIII replacement products have high
interindividual PK variability [24-27]. Thus, an intrapatient compari-
son of the PK of each FVIII product was chosen for this study.

2 | METHODS

2.1 | Study design and population
This was a phase 1, single-center, single-arm, nonrandomized, open-
label, fixed-sequence PK comparison study of octocog alfa,
rurioctocog alfa pegol, and efanesoctocog alfa (NCT05042440;
EudraCT 2021-000228-37). Previously treated male participants (18-
65 years old) with documented severe hemophilia A (defined as <1 1U/
dL endogenous FVIII) were enrolled. Key eligibility criteria were >150
exposure days of prior FVIII treatment with any recombinant and/or
plasma-derived FVIII and/or cryoprecipitate products and platelet
count of >100,000 cells/pL at screening. Participants known to be HIV
positive were required to have a CD4 lymphocyte count of >200 cells/
mm® and a viral load of <400 copies/mL before enrollment. Key
exclusion criteria were history of a positive FVIII inhibitor test or a
positive inhibitor test at screening (defined as >0.6 Bethesda Units/
mL); clinical signs or symptoms of decreased response to FVIII; clini-
cally significant liver disease that would make the participant unsuit-
able for enrollment (eg, cirrhosis, portal hypertension, or acute
hepatitis); serious active bacterial, fungal, or viral infection (other than
chronic hepatitis or HIV) within 30 days of screening; other known
coagulation disorder(s); history of hypersensitivity or anaphylaxis
associated with any FVIII product; and major surgery within 8 weeks
of screening. All participants provided written informed consent
before enrollment. The study was conducted in accordance with
ethical principles derived from international guidelines, including the
Declaration of Helsinki, the Council for International Organizations of
Medical Sciences International Ethical Guidelines, applicable Interna-
tional Conference on Harmonization Good Clinical Practice guidelines,
and applicable local laws and regulations.

The total study duration was approximately 67 days and
comprised a screening period, octocog alfa dosing period, rurioctocog

alfa dosing period, efanesoctocog alfa dosing period, and safety
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Postdose washout

Single 50 IU/kg doses of each FVIII replacement product
l l l ,@. PK sampling
Rurioct
Screening period Octocog alfaf allfl::eg(:)‘ig 9 Efanesoctocog Remainder of safety
& washout* (SHL rFVil) (EHL rFVIll) alfa observation period
Day 1 ,@ 3 days J@. 5 days ,@ 14 days End of study
| | | | | |

Up to 28 days 4 days 7 days 14 days 14 days

FIGURE 1 Study design. *The washout duration before the administration of octocog alfa could have varied but was at least 4 days for
participants whose most recent FVIII replacement was a standard half-life and at least 5 days for participants whose most recent FVIII
replacement was an extended half-life. 1The dosing periods for octocog alfa and rurioctocog alfa pegol included pharmacokinetic sampling and
washout after each dose. Samples for FVIII inhibitor testing were obtained at screening, before administering each recombinant FVIII product,
and at 14 and 28 days after efanesoctocog alfa was administered. EHL, extended half-life; FVIII, factor VIII; PK, pharmacokinetic; rFVIII,
recombinant factor VIII; SHL, standard half-life.

observation period (Figure 1). Participants underwent screening (up to rurioctocog alfa, and efanesoctocog alfa, each followed by PK sam-
28 days), which included a washout period of at least 4 to 5 days pling and appropriate washout periods prior to the next dose
depending on their current FVIIl therapy. Participants received (Figure 1). Participants underwent safety observation throughout the
sequential administration of single 50-1U/kg doses of octocog alfa, study, including the 28 days after efanesoctocog alfa administration.

TABLE 1 Geometric mean (coefficient of variation percentage; first row) and arithmetic mean (SD; second row) for the pharmacokinetic
parameters of sequential single-dose octocog alfa (50 1U/kg), rurioctocog alfa pegol (50 1U/kg), and efanesoctocog alfa (50 1U/kg).

PK parameter®”

Geometric mean (CV%) Octocog alfa (SHL) Rurioctocog alfa pegol (EHL) Efanesoctocog alfa
Mean (SD) (n=13) (n=13) (n=13)
t1/2, (h)° 11.0 (39) 15.4 (35) 43.3 (24)

11.7 (4.55) 16.3 (5.63) 44.4 (10.4)
AUC; ¢ (IU x h/dL) 1670 (41) 2820 (31) 10,100 (15)

1820 (748) 2950 (905) 10,200 (1560)
CL (mL/h/kg) 3.0 (45) 1.8 (33) 0.5(19)

3.26 (1.48) 1.86 (0.618) 0.503 (0.0974)
Cmax (1U/dL) 118 (12) 148 (20) 139 (12)

119 (14.7) 151 (30.3) 140 (16.9)
IR (IU/dL per 1U/kg) 24 (12) 3.0 (20) 2.8 (12)

2.37 (0.295) 3.02 (0.605) 2.80 (0.338)
MRT (h) 13.2 (46) 19.2 (38) 62.7 (15)

14.6 (6.76) 20.4 (7.73) 634 (9.41)
Trmax ()¢ 0.17 (0.17-0.50) 0.17 (0.17-1.00) 0.17 (0.17-1.00)
Vs (mL/kg) 39.5 (17) 33.9 (19) 31.1 (11)

40.1 (6.82) 34.5 (6.60) 31.3 (3.44)

AUC;;, area under the activity-time curve extrapolated to infinity; CL, clearance; C,.x, maximum FVIII activity; CV, coefficient of variation; EHL, extended
half-life; IR, incremental recovery; MRT, mean residence time; PK, pharmacokinetic; SHL, standard half-life; t1/,,, elimination half-life; T, time to
maximum FVIII activity; Vss, volume of distribution at steady state.

?Baseline-corrected factor VIII activity was estimated using the 1-stage activated partial thromboplastin time-based clotting assay.

bPK sampling was performed over a period of 3, 5, and 14 days after the administration of octocog alfa, rurioctocog alfa pegol, and efanesoctocog alfa,
respectively.

“Primary endpoint.

9Median (minimum-maximum).
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2.2 | Study outcomes

The primary endpoint was the half-life of octocog alfa, rurioctocog alfa
pegol, and efanesoctocog alfa, as assessed using the 1-stage activated
partial thromboplastin time clotting assay. Secondary endpoints
included the following PK parameters: area under the activity-time
curve extrapolated to infinity (AUCgq_inf), maximum activity (Cmax),
CL, mean residence time, volume of distribution at steady state, and
incremental recovery (IR). Safety assessments included occurrence of
adverse events (AEs), serious AEs, and clinically significant laboratory
abnormalities (including inhibitor to FVIII development) during each
treatment period.

2.3 | Statistical analysis

PK parameters (Cax, AUC, elimination half-life [t;/2,], CL, volume of
distribution at steady state, IR, and mean residence time) were
computed and analyzed by a noncompartmental method (Phoenix
WinNonlin, version 8.1) using baseline-corrected FVIII activity. FVIII
activity was measured using the activated partial thromboplastin
time-based 1-stage clotting assay with Actin FSL and validated using
human plasma FVIII standard. The lower limit of quantitation was
0.5 1U/dL for octocog alfa, 0.6 1U/dL for rurioctocog alfa pegol, and
1 IU/dL for efanesoctocog alfa. Baseline-corrected FVIII activity and

PK parameters were summarized by treatment group using

[N
o

descriptive statistics. Log-transformed t4/2,, Cnax, AUC, and CL were
analyzed with a linear model with fixed terms for treatment and a
random term for participant using the SAS PROC MIXED procedure.
Point estimates and 90% Cls were provided as an exploratory analysis.
Safety was analyzed descriptively, and AEs were coded according to

the Medical Dictionary for Regulatory Activities, version 24.1.

3 | RESULTS AND DISCUSSION

Thirteen participants were enrolled, and all completed the study. All
13 participants were included in the PK and safety populations. Mean
(SD) age at enrollment was 36.8 (6.5) years, and mean (SD) weight was
87.8 (18.9) kg. The median (range) number of bleeds in the 12 months
before screening was 36 (2-80). Prestudy FVIII regimens included
prophylaxis for 3 participants (23.1%) and on-demand therapy for 10
participants (76.9%).

Geometric mean (coefficient of variation percentage) ty,,, of
octocog alfa, rurioctocog alfa pegol, and efanesoctocog alfa was 11.0
hours (39%), 15.4 hours (35%), and 43.3 hours (24%), respectively
(Table 1). Single-dose efanesoctocog alfa (50 IU/kg) maintained mean
FVIII activity levels of >40 IU/dL for up to 4 days and ~10 1U/dL on
day 7. Corresponding times for octocog alfa were <1 and <2 days, and
those for rurioctocog alfa pegol were 1 day and <3 days (Figure 2).
Efanesoctocog alfa had lower CL (0.17-fold [90% CI, 0.15-0.19]
and 0.28-fold [90% CI, 0.25-0.32]), longer ty/2, (3.94-fold [90% ClI,

- -@ 50 IU/kg octocog alfa (n=13)
J -l 50 IU/kg rurioctocog alfa pegol (n=13)
—&— 50 IU/kg efanesoctocog alfa (n=13)

Mean (£SD) plasma FVIII activity (IU/dL)*

|
0O 1 2 3 4 5 6

|
7

T 1 1
8 9 10 11 12 13 14

Days after injection

FIGURE 2 Mean (SD) plasma baseline-corrected factor (F) VIII activity-time profile. *Units of IU/dL are equivalent to percent FVIII activity.
TMean baseline-corrected FVIII activity for efanesoctocog alfa was below the lower limit of quantitation by 14 days after the dose. The lower
limit of quantitation for octocog alfa was 0.5 IU/dL, that for rurioctocog alfa was 0.6 1U/dL, and that for efanesoctocog alfa was 1 IU/dL. t4,5,

half-life.
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TABLE 2
PK parameters®

t1/2, (h)

Efanesoctocog alfa vs
Octocog alfa (SHL)
Rurioctocog alfa pegol (EHL)
Crax (IU/dL) Octocog alfa (SHL)
Rurioctocog alfa pegol (EHL)
AUC;¢ (IU x h/dL) Octocog alfa (SHL)
Rurioctocog alfa pegol (EHL)
CL (mL/h/dL) Octocog alfa (SHL)

Rurioctocog alfa pegol (EHL)

| | u l
research & practice
in thrombosis & haemostasis

Comparison of the pharmacokinetic parameters of octocog alfa, rurioctocog alfa pegol, and efanesoctocog alfa.

Fold change 90% ClI

3.94 3.47-4.48
2.82 2.48-3.20
1.18 1.10-1.26
0.94 0.88-1.01
6.03 5.32-6.83
3.57 3.15-4.05
0.17 0.15-0.19
0.28 0.25-0.32

AUC;,;, area under the activity-time curve extrapolated to infinity; CL, clearance; Cp,.y, maximum FVIII activity; EHL, extended half-life; PK,

pharmacokinetic; SHL, standard half-life; t1/,,, elimination half-life.

?PK sampling was performed over a period of 3, 5, and 14 days after the administration of octocog alfa, rurioctocog alfa pegol, and efanesoctocog alfa,

respectively.

3.47-4.48] and 2.82-fold [90% ClI, 2.48-3.20]), and higher exposure
(AUC, 6.03-fold [90% Cl, 5.32-6.83] and 3.57-fold [90% ClI, 3.15-4.05])
than octocog alfa and rurioctocog alfa pegol, respectively (Table 2).
While AUC;s was increased for efanesoctocog alfa compared with
those for octocog alfa and rurioctocog alfa pegol, C.x and, therefore,
IR were similar for all 3 FVIII products (Table 1).

No treatment-emergent AEs (TEAEs) were reported during the
octocog alfa or rurioctocog alfa pegol treatment period. During the
efanesoctocog alfa treatment period (including the 28-day observa-
tion period), 3 TEAEs were reported in 1 participant, including head-
ache, cough, and a positive SARS-CoV-2 test. No serious or severe
TEAEs were reported during the entire study period, and no TEAEs
led to permanent study discontinuation. Inhibitor development to
FVIIl was not detected, and there were no reports of serious hyper-
sensitivity, anaphylaxis, or vascular thrombotic events. No potentially
clinically significant abnormalities were reported in the octocog alfa or
rurioctocog alfa pegol treatment period. During the efanesoctocog
alfa treatment period, 1 participant had white blood cell parameters of
a monocyte count of >0.7 x 10%/L and an eosinophil count of >0.5 x
10%/L or greater than the upper limit of normal (if the upper limit of
normal was >0.5 x 10%/L). Both were detected 14 days after admin-
istration of efanesoctocog alfa and resolved by the end of the study.

Individualized PK-guided prophylaxis is often used for FVIII
replacement products in the treatment of hemophilia A [10,28], at
least, in part, because of the wide interindividual variability in FVIII PK
[28]. It is known that interindividual and intraindividual variations in
circulating VWF levels and clearance of VWF affect FVIII half-life
[25-27]. In the current study, PK variability was lower with efane-
soctocog alfa than with the other 2 recombinant FVIII products; this is
evidenced by the lower coefficient of variation for t1,5,, AUC, and CL
observed with efanesoctocog alfa than those observed with octocog
alfa and rurioctocog alfa pegol (Table 1). Thus, uncoupling recombi-
nant FVIII from VWF may not only provide high sustained FVIII ac-
tivity levels but also reduce PK variability, as demonstrated with
efanesoctocog alfa, thereby increasing the predictability of the FVIII

profile over time. The substantially improved half-life and predictable

PK of efanesoctocog alfa allow the use of a standard once-weekly
dose of 50 IU/kg for prophylaxis and a single 50-1U/kg dose for the
treatment of bleeding episodes and reduce the need for monitoring
FVIII activity levels [21]. A simplified weekly dosing regimen may
further reduce barriers to optimal hemophilia prophylaxis and

improve adherence.

4 | CONCLUSIONS

The geometric mean tq/,, of efanesoctocog alfa was 43.3 hours, which
was 3- to 4-fold longer than those of the SHL and EHL recombinant
FVIII products. Efanesoctocog alfa (50 1U/kg) provided high sustained
factor activity in the normal-to-near-normal range (ie, >40 1U/dL) for
up to 4 days after the dose and at ~10 IU/dL on day 7. No serious
TEAEs were reported for efanesoctocog alfa, and no inhibitor devel-
opment to FVIII was detected. These results support the potential of
efanesoctocog alfa prophylaxis to improve bleed protection, joint

health, and quality of life with once-weekly dosing.
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