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ABSTRACT

Aim: To determine the immunogenicity, safety, and efficacy of rurioctocog alfa pegol in previously
untreated patients (PUPs) with severe hemophilia A (HA).

Methods: This prospective, phase 3 study (NCT02615691) was conducted in PUPs, or patients with <2
exposure days (EDs) prior to screening, aged <6 years with severe HA. The primary endpoint was
incidence of factor VIII (FVIII) inhibitor development. This protocol-specified interim analysis was
conducted after 50 patients had completed =50 EDs without developing FVIII inhibitors or had devel-
oped a confirmed inhibitor at any time.

Results: Of the enrolled patients, 59/80 (73.8%) received =1 dose of rurioctocog alfa pegol; 54 received
prophylaxis, and 35 on-demand treatment. Incidence of inhibitor development was 0.19 (10/52). Total
annualized bleeding rate (95% Cls) was 3.2 (2.0-5.0) for patients receiving prophylaxis and 3.2 (1.6-6.3) for
on-demand treatment. Hemostatic efficacy of most bleedings was rated as ‘excellent’ or ‘good’ after
24 hours (122/131 [93.1%]) and at resolution (161/170 [94.7%]). Five patients received =1 dose of
rurioctocog alfa pegol for immune tolerance induction (ITl) and 1 patient was defined as having ITI
success. Thirteen patients experienced 14 treatment-related adverse events, including 10 cases of
FVIIl inhibitor development.

Conclusion: This is the first prospective study of rurioctocog alfa pegol for the treatment of PUPs with
severe HA.

Trial Registration: This trial is registered at ClinicalTrials.gov (CT.gov identifier: NCT02615691).

KEYWORDS
Antibodies; factor VIII;
hemophilia A; inhibitors;
prophylaxis; safety

1. Introduction hemophilia A (FVIIl <1%) includes prophylaxis with FVIII

Hemophilia A is a congenital recessive X-linked disorder
characterized by deficiency or absence of clotting factor
VIII (FVIII), leading to frequent, acute, and prolonged spon-
taneous or traumatic bleeding events [1]. The manage-
ment of hemophilia A includes replacement of FVIII
through intravenous injections of recombinant or plasma-
derived FVII, to achieve adequate hemostasis [2-5], in
addition to the use of non-factor therapies such as emici-
zumab [3]. Patients can be treated on-demand, defined as
episodic replacement therapy only at the time of
a clinically evident bleed, or prophylactically, defined as
regular administration of therapeutic products to maintain
hemostasis [4]. The current standard of care for severe

to prevent bleeds, target joint development, and hemo-
philic arthropathy [3].

Development of an inhibitory antibody to exogenous FVIII
is the most serious complication in the management of hemo-
philia A. Anti-FVIIl neutralizing antibodies inhibit the activity of
FVIII, potentially rendering FVIII concentrate treatment ineffec-
tive [6,7]. FVIII inhibitors develop in 20-35% of previously
untreated patients (PUPs) with severe hemophilia A [8].
Inhibitors typically develop soon after initial exposure to exo-
genous FVIII, usually within the first 50 exposure days (EDs),
and particularly in the first 20 EDs [7]. A recent study found
a median of 11 EDs to inhibitor development [9,10]. Patients
who develop FVIII inhibitors can have substantially increased
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morbidity due to higher bleeding rates [11], as well as an
increased risk of death [12]. In addition, patients may experi-
ence decreased quality of life and an increased cost of care
[11,13]. Various risk factors have been associated with the
development of FVIII inhibitors, including disease severity,
genetic factors, treatment regimen, and the type of FVIII
replacement therapy used [7,14]. Immune tolerance induction
(ITN), involving the frequent infusion of FVIII to induce FVIII
antigen-specific tolerance, is the only proven method for the
eradication of FVIII inhibitors [15].

Rurioctocog alfa pegol is a recombinant FVIII protein cova-
lently bound to 20 kDa polyethylene glycol (PEG) chains
intended for FVIII replacement therapy. In the US, rurioctocog
alfa pegol (Adynovate®; Baxalta US Inc., a Takeda company,
Lexington, MA, USA) is indicated in children and adults with
hemophilia A for the on-demand treatment and control of
bleeding episodes, perioperative management, and routine
prophylaxis to reduce the frequency of bleeding episodes. In
Europe, rurioctocog alfa pegol (Adynovi™; Baxalta Innovations
GmbH, a Takeda company, Vienna, Austria) is indicated for the
treatment and prophylaxis of bleeding in patients =12 years
with hemophilia A. PEGylation of FVIII prolongs its half-life,
allowing clinicians to use more flexible treatment regimens.
The use of extended half-life recombinant FVIII treatments,
such as rurioctocog alfa pegol, gives clinicians the option to
reduce the frequency of treatment administration, or maintain
infusion frequency whilst increasing residual FVIII activity,
without compromising therapeutic benefit.

Post-translational modifications, such as PEGylation, can
influence a protein’s biological properties, which may have
an impact on immunogenicity [16]. In addition, although free
PEG molecules have been shown to be non-immunogenic, the
conjugation of PEG in PEGylated drugs could induce an
immune response. The presence of anti-PEG immunoglobulin
(I9)G and IgM may also impact efficacy due to drug clear-
ance [7,17].

Identifying and understanding the immunogenicity of FVIII
products has become an extremely important research ques-
tion in the field of hematology in recent decades. This
ongoing study aims to assess the immunogenicity, safety,
and efficacy of rurioctocog alfa pegol in PUPs with severe
hemophilia A and to evaluate the efficacy and safety of ITI
with rurioctocog alfa pegol in patients who develop FVIII
inhibitors. This analysis reports data from a prespecified
interim analysis (IA) conducted after 50 patients had com-
pleted =50 EDs without developing an inhibitor or had devel-
oped a confirmed inhibitor at any time.

2. Patients and methods
2.1. Study design and patient population

This is an ongoing phase 3, prospective, uncontrolled, open-
label, multicenter study (NCT02615691) investigating the
immunogenicity, safety, and efficacy of rurioctocog alfa
pegol in=100 evaluable PUPs aged <6years with severe
hemophilia A (baseline FVIII level <1%). During this ongoing
study, patients receive on-demand and/or prophylactic ther-
apy with rurioctocog alfa pegol for 2100 EDs (defined as the

unique calendar days that the patient received treatment), or
until they develop a confirmed FVIII inhibitor. Study enroll-
ment commenced in November 2015 and active recruitment
has now completed. The overall primary completion date for
the study is estimated for October 2024.

To qualify for enrollment, patients must have had <2 EDs to
octocog alfa (parent molecule), rurioctocog alfa, or plasma trans-
fusion (fresh frozen plasma) and no detectable, or history of, FVIII
inhibitory antibodies (=0.6 BU/mL using the Nijmegen modifica-
tion of the Bethesda assay [18]). These patients were considered as
PUPs for the purpose of this study. Patients with previous expo-
sure to any other commercially available FVIII concentrate were
not eligible for participation. Other exclusion criteria were the
diagnosis of any inherited/acquired hemostatic disorder other
than hemophilia A; known hypersensitivity toward mouse or
hamster proteins, PEG, or Tween 80; current or recent (<30 days)
use of other PEGylated drugs prior to study participation; conco-
mitant treatment with systemic immunomodulating drugs; severe
renal impairment; and current participation in other interventional
clinical studies or <30 days before enrollment. Patients enrolled in
the study complete study visits to undergo safety, immunogeni-
city, and hemostatic efficacy assessments at baseline, after every 5
+ 1 EDs until 20 £ 2 EDs (Visits 1-4), after a further 10 + 3 EDs (Visits
5 and 6) and at 50-55 EDs (Visit 7), 75+5 EDs (Visit 8); and the
Study Completion/Termination Visit for follow-up at 100-110 EDs.
The planned duration of this first part of the study is 5 years
(enrollment approximately 3 years, treatment approximately 2
years, depending on the type of treatment).

Patients who develop either high-titer FVIII inhibitors
(>5.0 BU/mL) or low-titer inhibitors (=0.6 to<5.0 BU/mL)
plus poorly controlled bleeding despite increasing FVIII doses
and/or bypassing agents during the study are eligible for ITI. In
the ITI part of this study, patients complete a baseline visit, Visit 1
at Week 2 + 2 days, Visit 2 at Week 4 + 2 days, and subsequent
visits every month +1 week. The planned duration of patient
participation in the investigation of ITl is up to 3.5 years (until
immune tolerance success, failure, or a maximum of 33 months,
whichever occurs first). In case of success, this includes 5-6
additional months for transitioning to twice-weekly prophylaxis,
including a 3-month follow-up period.

The study is conducted in compliance with the
International Council for Harmonisation Good Clinical
Practice guidelines and the Declaration of Helsinki, as well as
other applicable national and local ethical and legal require-
ments. Parents/legally authorized representative provided
written assent before patients entered the study. The protocol,
final approved consent/assent document, relevant supporting
material, and all patient recruitment information were
reviewed and approved by the relevant institutional review
boards before study initiation.

2.2, Study treatment

Rurioctocog alfa pegol was administered at baseline and at
all study visits except for Visit 1 (5+ 1 EDs before visit), Visit
3 (15+1 EDs before visit), and Visit 5 (30+3 EDs before
visit), during which administration was optional. Patients
received intravenous rurioctocog alfa pegol as prophylaxis
(25-50 IU/kg, up to 80 IU/kg =1x weekly) and/or on-demand



therapy (10-50 1U/kg, up to 80 IU/kg depending on bleed
severity). The frequency and dosing of treatment depended
on each patient’s clinical situation and were at the investi-
gator’s discretion. Patients who started the study receiving
on-demand rurioctocog alfa pegol eventually switched to
prophylactic treatment during the study. Prophylaxis had to
be initiated before 3years of age or after <2 joint bleeds,
whichever occurred first.

Patients who developed FVIII inhibitors and subsequently
enrolled in ITl received either a high-dose regimen of 100-200
IU/kg intravenous rurioctocog alfa pegol daily, or a low-dose
regimen of 50 IU/kg 3x weekly at the discretion of the investi-
gator. Patients who received treatment with any FVIIl concen-
trate other than rurioctocog alfa pegol were discontinued from
the study.

2.3. Outcome measures

The primary objective is to determine the safety, in terms of the
immunogenicity, of rurioctocog alfa pegol based on the inci-
dence of inhibitor development to FVIII (=0.6 BU/mL using the
Nijmegen modification of the Bethesda assay [18]). Development
of FVIIl inhibitors was assessed at all study visits and was deter-
mined by a central laboratory and confirmed by a second blood
sample drawn within 2 weeks of site notification of an inhibitor.
However, to ensure timely availability of FVIIl inhibitor results, the
clinical management of the patient for ITl could be based on
results generated at the local laboratory.

Secondary endpoints include the efficacy of prophylactic treat-
ment with rurioctocog alfa pegol and on-demand treatment for
the control of bleeds. Annualized bleeding rate (ABR) was assessed
based on individual bleeds. Bleeds were categorized as sponta-
neous (definitely not trauma-related) or injury-related (definitely
due to injury/trauma). Overall hemostatic efficacy rating at 24
hours after treatment initiation and at resolution of bleed were
also assessed, with the patient or caregiver rating severity of
bleeds (minor, moderate, or major/life-threatening) and overall
treatment response using a 4-point efficacy scale. Efficacy
was rated as: Excellent (full relief of pain and cessation of
objective signs of bleeding after a single infusion with no
additional infusion required for the control of bleeding),
good (definite pain relief and/or improvement in signs of
bleeding after a single infusion. Possibly requires >1 infusion
for complete resolution), fair (probable and/or slight relief of
pain and slight improvement in signs of bleeding after a single
infusion. Required >1 infusion for complete resolution), and
none (no improvement or condition worsens). The number of
infusions required for treatment of bleeds, weight-adjusted con-
sumption of rurioctocog alfa pegol, and efficacy of rurioctocog
alfa pegol for perioperative management were also investigated.
Safety outcomes include the development of binding IgG and
IgM antibodies to FVIII, PEG-FVIII, and PEG, assessed at all study
visits [19,20]. Adverse events (AEs) and serious AEs (SAEs) were
recorded for all patients receiving rurioctocog alfa pegol
throughout the study. Incremental recovery (IR) of rurioctocog
alfa pegol was assessed at baseline and throughout the study by
non-compartmental analyses using Pharsight WinNonlin 6.3
(Pharsight Corporation [2012]: Pharsight WinNonLin 6.3,
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St. Louis, MO, USA). FVIIl IR was determined at baseline
and at all study visits except for Visit 1 (5+1 EDs before
visit), Visit 3 (15% 1 EDs before visit), and Visit 5 (30 + 3 EDs
before visit), when IR determination was optional. The FVIII
assays used were the 1-stage clotting FVIII activity and FVIII
chromogenic activity.

Additional outcome measures for patients who received ITI
with rurioctocog alfa pegol include the success rate of ITI. The
categories were considered as success (inhibitor titer persis-
tently <0.6 BU/mL, FVIII IR 266% of baseline following 84- to
96-hour washout, and FVIII half-life =6 hours), partial success
(two of the aforementioned criteria must be met after 33
months of ITI), or failure (failure to meet any criteria within
33 months of ITI therapy or <20% reduction in inhibitor titer
relative to peak inhibitor titer over any 6-month period after
the first 3 months of treatment) [21]. Success factors varied
based on the specific protocol version. To comply with
European Medicine Agency regulatory requirements, FVIII half-
life of =6 hours was not evaluated in patients enrolled from
the European Union. The rate of partial success and failure of
ITI, ABR, and weight-adjusted consumption of rurioctocog alfa
pegol in the ITI population were also assessed.

2.4. Statistical analysis

This prespecified IA was conducted after 50 patients had com-
pleted =50 EDs without developing an inhibitor or had developed
a confirmed inhibitor at any time; the ED cutoff was selected
because FVIII inhibitors generally develop within this time
[9,10,22,23]. Demographic and baseline characteristics were sum-
marized for the safety analysis set (SAS), comprising all patients
who received =1 dose of rurioctocog alfa pegol. Continuous vari-
ables were reported as mean and standard deviation (SD) and
categorical variables as number and percentage. The incidence of
FVIII inhibitor development was assessed by computing the
Clopper-Pearson exact 95% confidence interval (Cl) for the propor-
tion of patients who developed inhibitors during the study. ABR
was analyzed by point and interval estimates derived by SAS
procedure GLIMMIX (SAS Institute Inc. 2020. SAS/STAT® 15.2
User's Guide. Cary, NC, USA: SAS Institute Inc.) from a negative
binomial model with treatment regimen as a covariate and the
logarithm of the duration of the regimen as an offset. Descriptive
statistics were given for weight-adjusted consumption of rurioc-
tocog alfa pegol per month, per year, and per bleeding/surgery
event and the number of infusions per month and per year.
Missing data were not imputed, and all analyses were performed
using non-missing data.

3. Results
3.1. Patient disposition

As of the data cutoff date (30 August 2019), 80 patients were
enrolled from 44 study sites in 15 countries. Of these patients,
59 received =1 dose of rurioctocog alfa pegol and were
included in the SAS for this prespecified IA (Figure 1); their
baseline demographics and clinical characteristics are shown
in Table 1. A hemophilia-associated gene mutation was iden-
tified in 54/59 patients (91.5%). Large deletions, inversions
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Enrolled
N=80

4 patients discontinued
prior to exposure

18 screen failures

L

Received 21 dose
rurioctocog alfa pegol
n=59

}

v v

On-demand
n=35

Prophylaxis
n=>54

Developed FVIII
inhibitor
n=10

Underwent invasive
procedure
n=16

Hemostatic efficacy
analysis
n=49

}

Enrolled for ITI
treatment
n=6

I

Received 21 dose
rurioctocog alfa pegol
n=5

Figure 1. Patient disposition. Of the 18 patients who did not meet the eligibility criteria, 1 was rescreened and entered with a different patient ID. Therefore,

this patient was counted twice. FVIII, factor VIII; ITl, immune tolerance induction.

(introns 1 and 22), and substitution nonsense mutations were
present in 29/59 patients (49.2%); small deletions, small dupli-
cations, and substitution-missense mutations were present in
21/59 patients (35.6%). Inversion of intron 22 (22/59; 37.3%),
small duplication, and substitution-missense mutations (8/59;
13.6% each) were the most common gene mutations leading
to severe hemophilia A (Table 1).

3.2. Immunogenicity

Of the 59 patients included in the SAS, 52 patients qualified
for evaluation of the primary endpoint in this IA. Positive
anti-FVIII inhibitor titers were reported for 10 of these
patients, resulting in an incidence (95% Cl) of inhibitor
development of 0.19 (0.10-0.33). Of these 10 patients, 4
(40.0%) were receiving on-demand treatment and 6
(60.0%) were receiving prophylaxis. Three of the 10 patients
who developed FVIII inhibitors had 2 prior EDs to octocog
alfa and 1 patient had 1 ED to fresh frozen plasma before
entering the study. Mean (SD) EDs until confirmed inhibitor
development was 8.0 (4.0) days. High-titer inhibitors were
present in 5 patients; 5 had low-titer inhibitors. The highest
inhibitor titer in patients with high-titer inhibitors ranged
from 7.3 to 2004.1 BU/mL, and from 1.1 to 4.0 BU/mL in
patients with low-titer inhibitors.

Table 2 summarizes patients who developed =1 positive
post-baseline binding antibody during the study. The
number of positive results for FVIII, PEG-FVIIl, and PEG
binding antibodies increased in the first year following
rurioctocog alfa pegol exposure and then declined by
the second year.

3.3. Efficacy

The 59 patients included in the SAS had 4543 EDs over a total
observation period of 82.2years. The mean (SD) total EDs to

rurioctocog alfa pegol was 76.2 (42.4) days. Of these patients, 54
received prophylaxis with rurioctocog alfa pegol and these
patients had 3789 EDs over a total observation period of 77.2
years, with mean (SD) EDs for rurioctocog alfa pegol prophylaxis of
70.2 (35.1) days. There were 35 patients who received on-demand
treatment and received rurioctocog alfa pegol to treat bleeds
(including patients who subsequently switched to prophylaxis).

During the first part of the study (prior to FVIII inhibitor
detection and commencement of ITI therapy), 412 bleeds
occurred; 269 of these bleeds (occurring in 47 patients)
were treated with rurioctocog alfa pegol. The remaining
143 bleeds were not treated as they were mostly super-
ficial skin bleeds (108 minor, 24 moderate, 2 major, 9 not
reported). Of the total treated bleeds, 59/269 (21.9%)
occurring in 18 patients were spontaneous, 172/269
(63.9%) in 41 patients were injury-related, and 37/269
(13.8%) in 15 patients were of unknown causality. The
categorization for 1 bleed was not reported. Altogether,
59 joint bleeds were experienced by 22 patients. Of the
treated bleeds, 139 were of minor severity, 107 moderate
severity, and 22 major severity. Patients receiving prophy-
laxis with rurioctocog alfa pegol experienced 247 bleeds
and 165 bleeds occurred in patients treated on-demand.

The total ABR using the negative binomial model (95%
Cls) for patients receiving prophylaxis with rurioctocog alfa
pegol was 3.2 (2.0-5.0) compared with 3.2 (1.6-6.3) for
patients receiving on-demand treatment. The annualized
joint bleeding rate was 0.3 (0.2-0.6), the spontaneous bleed-
ing rate was 1.0 (0.4-2.7), and the injury-related bleeding rate
was 2.1 (1.5-2.9) for patients receiving prophylaxis compared
with 0.8 (0.3-2.1), 3.1 (1.0-10.0), and 1.6 (1.1-2.5) for those
receiving on-demand treatment, respectively.

Hemostatic efficacy of treatment as rated by patients, or their
caregivers is shown in Table 3. Where efficacy was reported, it
was mostly rated as ‘excellent’ or ‘good’ after 24 hours (122/131
[93.1%]) and at resolution (161/170 [94.7%]) for all bleeds.
Patients did not report an efficacy rating at 24 hours after first



Table 1. Patient demographics and baseline characteristics.

All patients
(N=59)
Age at informed consent (months), mean (SD)* 11.8 (8.2)
Male, n (%) 59 (100.0)
Race, n (%)

Asian 15 (25.4)

Black or African American 4 (6.8)

White 37 (62.7)

Other 3 (5.1)

Family history of hemophilia A, n (%)

Grandfather 7 (11.9)

Father” 1(1.7)

Uncle 11 (18.6)

Brother 11 (18.6)

Other® 9 (15.3)

Family history of FVIII inhibitors, n (%)d 1(1.7)
Number of exposure days prior to screening, n (%)

0 36 (61.0)

1 9 (15.3)

2 14 (23.7)

Exposure days prior to screening®, mean (SD) 0.6 (0.9)
Weight (kg), mean (SD) 10.3 (2.4)
Height (cm), mean (SD) 76.1 (9.7)
BMI (kg/m?), mean (SD) 17.7 (2.3)
FVIII inhibitor at screening (BU), mean (SD) <0.4 (0.0)
Hemophilia-associated gene mutations, n (%)

High risk 29 (49.2)
Large deletion 3(5.1)
Intron 1 inversion 1(1.7)
Intron 22 inversion 22 (37.3)
Substitution nonsense mutation 3 (5.1)

Low risk 21 (35.6)
Small deletion 5 (8.5)
Small duplication 8 (13.6)
Substitution-missense mutation 8 (13.6)

Unknown risk 4 (6.8)
Factor 8 gene: C5471dela, P.n1824fs 46 1(1.7)
Hemizygous for C.2015-2017 Del Tct mutation 1(1.7)
Exon 14 mutation 1(1.7)
Splice site mutation 1(1.7)

Mutation status unknown 5 (8.5)

®Age at informed consent as reported on the electronic case report form,
converted to months; "Although a patient cannot inherit a gene defect on
the X chromosome (as with hemophilia A) from his father, 1 patient did have
a father with hemophilia A (and either had a spontaneous mutation of the
X chromosome or inherited a defective X chromosome from his mother);
‘Family history of hemophilia A specified as ‘other’ maternal first cousin,
maternal third cousin, maternal great grandfather, maternal uncle, and mater-
nal great uncle all for 1 patient; cousin for 3 patients, and grandmother’s
grandfather and grandchildren for 1 patient; “Family history of FVIII inhibitors
specified as ‘other:’ cousin (1 patient); *Exposure days prior to screening was
defined as the unique calendar days that the patient received octocog alfa,
fresh frozen plasma, or rurioctocog alfa pegol prior to screening.

BMI, body mass index; BU, Bethesda unit; FVIII, factor VIII; SD, standard deviation.

infusion for 88/269 (32.7%) bleeds, and for 99/269 (36.8%) bleeds
at bleed resolution. In addition, 50 bleeds were not rated at any
point. Most of these unrated bleeds occurred in a small number
of patients. A further 50 bleeds that resolved within 24 hours
after infusion were only rated at bleed resolution.

3.4. Consumption

Most bleeding events were treated with a single infusion of
rurioctocog alfa pegol (209/269 [77.7%]). Two infusions were
required for 38 bleeds (14.1%), 3 for 16 bleeds (5.9%), 4 for 3
bleeds (1.1%), and >4 for 2 bleeds (0.7%). The mean (SD) aver-
age dose per infusion to treat a bleed was 45.7 (14.6) 1U/kg
(SAS; n=59).
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The weight-adjusted exposure data for the patients who
received a prophylaxis regimen are presented in Table 4.

3.5. Immune tolerance induction

Of the 10 patients who developed FVIII inhibitors to ruriocto-
cog alfa pegol during the study, 6 were enrolled to receive ITI.
Of the 4 remaining patients not undergoing ITl, 2 with high-
titer inhibitors left the study and were considered as having
completed the study per protocol. One patient continued
receiving prophylaxis with rurioctocog alfa pegol and com-
pleted the study with a negative inhibitor titer; 1 patient was
receiving on-demand treatment as of data cutoff.

Of the 6 patients enrolled to receive ITl, 5 received =1 dose
of rurioctocog alfa pegol as ITI. The remaining 1 patient only
developed inhibitors immediately prior to data cutoff and
therefore never received ITl treatment and left the study. Low-
dose ITl was used in 3 patients (1 patient with high-titer and 2
with low-titer inhibitors), and 2 patients received a high dose
(1 patient with high-titer and 1 with low-titer inhibitors). The
mean (SD) number of FVIIl infusions during ITl was 3.1 (1.3)
infusions per week and 13.4 (5.5) infusions per month. The
mean (SD) treatment dose per month was 866.3 (524.0) 1U/kg
(564.3 [112.8]1U/kg in the 50 IU/kg 3x weekly group and 1319.3
[623.6] IU/kg in the 100-200 IU/kg daily group). Following ITI
treatment, 1 patient was defined as a complete success. This
patient had high-titer FVIIl inhibitors and received the high dose

Table 2. Patients receiving rurioctocog alfa pegol with at least 1 positive post-
baseline binding 1gG and IgM antibody to FVIII, PEG-FVIII, and PEG.

All patients (N =59)

Year after first exposure®  Binding antibody  Positive, n  Negative, n
0 years 19G: FVIII 2 32
IgM: FVIII 0 34
IgG: PEG-FVIII 4 30
IgM: PEG-FVIII 2 32
IgG: PEG 0 34
IgM: PEG 4 30
1 year 19G: FVIII 7 26
IgM: FVIII 0 34
IgG: PEG-FVIII 32 2
IgM: PEG-FVIII 3 31
IgG: PEG 1 23
IgM: PEG 3 31
2 years 19G: FVIII 0 21
IgM: FVIII 0 21
IgG: PEG-FVIII 1 20
IgM: PEG-FVIII 0 21
IgG: PEG 1 20
IgM: PEG 0 21
3 years 19G: FVIII 0 6
IgM: FVIII 0 6
IgG: PEG-FVIII 2 4
IgM: PEG-FVIII 0 6
IgG: PEG 1 5
IgM: PEG 0 6

*Number of years after first rurioctocog alfa pegol exposure in study (0 years:
results prior to first exposure in study; 1year: results from first exposure in
study up to and including 1year after first dose; 2 years: results after first
exposure in study +1 year up to and including first exposure in study +2 years;
3 years: results after first exposure in study +2 years up to and including first
exposure in study +3years). The substrate for FVIIl binding antibodies was
recombinant FVIIl (octocog alfa) and the substrate for FVII-PEG binding
antibodies was recombinant PEG-FVIII (rurioctocog alfa pegol).

FVIII, factor VIII; 1g, immunoglobulin; PEG, polyethylene glycol.
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Table 3. Hemostatic efficacy of rurioctocog alfa pegol in prophylactic treatment and control of bleeds.

All bleeds Minor severity Moderate severity
On-demand Prophylaxis Total On-demand Prophylaxis Total On-demand Prophylaxis Total

Category (n=113) (n=156) (N=269) (n=55) (n=84) (N=139) (n=47) (n=60) (N=107)
Efficacy rating after 24 hours, n (%)

Excellent 27 (23.9) 31 (19.9) 58 (21.6) 15 (27.3) 11 (13.1) 26 (18.7) 6 (12.8) 17 (28.3) 23 (21.5)
Good 33 (29.2) 31 (19.9) 64 (23.8) 15 (27.3) 10 (11.9) 25 (18.0) 18 (38.3) 17 (28.3) 35 (32.7

Fair 3(2.7) 4 (2.6) 7 (2.6) 1(1.8) 2 (2.4) 3(2.2) 1.0 2 (3.3) 3 (2.8)

None 2 (1.8) 0 2 (0.7) 1(1.8) 0 1(0.7) 0 0 0

NA 21 (18.6) 29 (18.6) 50 (18.6) 14 (25.5) 18 (21.4) 32 (23.0) 6 (12.8) 10 (16.7) 16 (15.0)

NR 27 (23.9) 61 (39.1) 88 (32.7) 9 (16.4) 43 (51.2) 52 (37.4) 16 (34.0) 14 (23.3) 30 (28.0
Efficacy rating at bleed resolution, n (%)

Excellent 42 (37.2) 46 (29.5) 88 (32.7) 26 (47.3) 21 (25.0) 47 (33.8) 10 (21.3) 22 (36.7) 32 (29.9)
Good 41 (36.3) 32 (20.5) 73 (27.1) 18 (32.7) 9 (10.7) 27 (19.4) 23 (48.9) 18 (30.0) 41 (38.3)

Fair 3(2.7) 4 (2.6) 7 (2.6) 1(1.8) 2 (2.4) 3(2.2) 1.0 2 (3.3) 3(2.8)

None 2 (1.8) 0 (0.0) 2 (0.7) 1(1.8) 0 1(0.7) 0 0 0

NR 25 (22.1) 74 (47.4) 99 (36.8) 9 (16.4) 52 (61.9) 61 (43.9) 13 (27.7) 18 (30.0) 31 (29.0)

Major severity Joint bleeds Non-joint bleeds
On-demand Prophylaxis Total On-demand Prophylaxis Total On-demand Prophylaxis Total

Category (n=10) (n=12) (N=22) (n=27) (n=32) (N=59) (n=288) (n=127) (N=215)
Efficacy rating after 24 hours, n (%)

Excellent 6 (60.0) 3(25.0 9 (40.9) 5(18.5) 10 (31.3) 15 (25.4) 22 (25.0) 22 (17.3) 44 (20.5)

Good 0 4 (33.3) 4 (18.2) 6 (22.2) 4 (12.5) 10 (16.9) 28 (31.8) 2 3 55 (25.6)

Fair 1 (10.0) 0 1 (4.5) 13.7) 13.9) 2 (34) 2 (2.3) 3 (24) 5(2.3)

None 1 (10.0) 0 1 (4.5) 1(3.7) 0 1(1.7) 1(1.1) 0 1 (0.5)

NA 0 1(8.3) 1(4.5) 4 (14.8) 3 (94) 7 (11.9) 17 (19.3) 26 (20.5) 43 (20.0)

NR 2 (20.0) 4 (33.3) 6 (27.3) 10 (37.0) 14 (43.8) 24 (40.7) 18 (20.5) 49 (38.6) 67 (31.2)
Efficacy rating at bleed resolution, n (%)

Excellent 6 (60.0) 3 (25.0) 9 (40.9) 8 (29.6) 12 (37.5) 20 (33.9) 34 (38.6) 35 (27.6) 69 (32.1)

Good 0 5(41.7) 5(22.7) 8 (29.6) 6 (18.8) 14 (23.7) 34 (38.6) 27 (21.3) 61 (28.4)

Fair 1 (10.0) 0 1 (4.5) 1(3.7) 1(3.1) 2 (3.4) 2 (2.3) 3(2.4) 5(2.3)

None 1 (10.0) 0 1 (4.5) 13.7) 0 1(1.7) 1(1.1) 0 1(0.5)

NR 2 (20.0) 4 (33.3) 6 (27.3) 9 (33.3) 13 (40.6) 22 (37.3) 17 (19.3) 62 (48.8) 79 (36.7)

Efficacy was rated as follows: Excellent, full relief of pain and cessation of objective signs of bleeding after a single infusion. No additional infusion is required for the
control of bleeding. Administration of further infusions to maintain hemostasis would not affect this scoring; Good, definite pain relief and/or improvement in
signs of bleeding after a single infusion. Possibly requires >1 infusion for complete resolution; Fair, probable and/or slight relief of pain and slight improvement in
signs of bleeding after a single infusion. Required >1 infusion for complete resolution; None, no improvement or condition worsens; Not applicable, refers to
bleeds that were resolved within 24 hours after first infusion. These bleeds only have a rating at bleed resolution.

NA, not applicable; NR, not reported.

of rurioctocog alfa pegol (100-200 IU/kg daily). The remaining 4
patients were still undergoing ITI at the time of this IA.

3.6. Safety

A total of 283 AEs (13 considered treatment-related; 9 SAEs of
FVIIl inhibitor development, 2 cases of drug hypersensitivity,
1 rash, 1 increase in alkaline phosphatase) were reported in
52/59 patients who received =1 dose of rurioctocog alfa
pegol during the first part of the study (Table 5). A further
17 AEs (1 considered treatment-related) were reported in 4/5
patients who developed FVIII inhibitors and received =1 dose

Table 4. Weight-adjusted consumption and number of infusions for patients
receiving rurioctocog alfa pegol prophylaxis.

Prophylaxis
(n=54)
Number of infusions per week, mean (SD) 1.2 (0.5)
Prophylactic dose per week (IU/kg), mean (SD) 54.5 (19.6)
Number of infusions per month, mean (SD) 53 (2.2)
Prophylactic dose per month (IU/kg), mean (SD) 239.7 (85.6)
Prophylactic dose per infusion (IU/kg), mean (SD) 45.8 (8.6)
Number of infusions required for bleed resolution, mean (SD) 1.3 (0.7)
Average total dose for bleed resolution® (IU/kg), mean (SD) 60.5 (36.2)

*Average total dose for bleed resolution refers to the average of the sum of the
doses of the infusions used for a given bleed until bleed resolution.
SD, standard deviation.

of rurioctocog alfa pegol for ITI (Table 5). Two patients
experienced drug hypersensitivity during the first part of
the study, but no patients experienced drug hypersensitivity
when treated with rurioctocog alfa pegol for ITl, and no
thrombotic events were reported at any point during the
study.

4. Discussion

This ongoing prospective study is the first and only to inves-
tigate the immunogenicity, safety, and efficacy of the
PEGylated, extended half-life, recombinant FVIII replacement
therapy, rurioctocog alfa pegol for the treatment of PUPs. In
addition, these are the first data assessing the use of ruriocto-
cog alfa pegol for ITl in children. The availability of this interim
data is extremely important given that rurioctocog alfa pegol
is currently indicated for routine prophylaxis in children and
adults with hemophilia A in the US. Rurioctocog alfa pegol is
a recombinant FVIII protein with covalently bound PEG chains
that is produced in a Chinese hamster ovary cell line. The aim
of PEGylation is to retain the functionality of the molecule,
improve its pharmacokinetic properties (decrease clearance
and thereby increase half-life), and maintain treatment effec-
tiveness while reducing the need for frequent injections [24].
However, assessing inhibitor development and confirming the
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Table 5. Adverse events occurring during or after first dose of rurioctocog alfa pegol in the safety analysis set and patients who were subsequently enrolled to
receive ITI.

Patients who received >1 dose of rurioctocog  Patients who received =1 dose of rurioctocog alfa

alfa pegol pegol for ITI
Patients, n (%) Number of Patients, n (%) Number of
(n=59) events (n=5) events

AEs 52 (88.1) 283 4 (80.0) 17
Frequently reported AEs®

Pyrexia 22 (37.3) 47 -

Upper respiratory tract infection 13 (22.0) 17 2 (40.0)

Nasopharyngitis 10 (16.9) 16 - -

Factor VIII inhibitor development 10 (16.9) 10 - -

Ear infection 8 (13.6) 18 - -

Cough 8 (13.6) 10 - -

Viral infection 6 (10.2) 7 - -
All rurioctocog alfa pegol-related AEs (including SAEs) 12 (20.3) 13 1(20.0) 1
SAEs 24° (40.7) 32° 3 (60.0) 8
Rurioctocog alfa-pegol-related SAEs 9 (15.3) 9 19 (20.0) 1
AEs leading to discontinuation of rurioctocog alfa pegol 5 (8.5)¢ 15 0 (0.0) 0
AEs leading to discontinuation from study 3 (5.1) 9 0 (0.0) 0
Catheter-related AEs 1(1.7) 2f 1 (20.0) 2f

“Reported in >10% of patients who received >1 dose of rurioctocog alfa pegol in the safety analysis set or >1 patient who received >1 dose of rurioctocog alfa pegol
for ITI; Factor VIl inhibitor development (10 events in 10 patients); hemarthrosis (3 events in 3 patients); pyrexia (3 events in 2 patients); gastroenteritis (2 events
in 2 patients); bleeding (subcutaneous hematoma [2 events in 1 patient], and muscle hematoma, nail bed bleeding, pharyngeal hemorrhage, or unspecified
hemorrhage [1 event in 1 patient each]); other SAEs (dyspnea, immune thrombocytopenia, irritability, mouth injury, road traffic accident, systemic viral infection,
tachycardia, or tongue ulceration [1 event in 1 patient each]). One SAE of FVIII inhibitor development was not related to rurioctocog alfa pegol and instead was
related to treatment with octocog alfa prior to infusion of rurioctocog alfa pegol; “Vascular device infection (2 events) and tonsillitis, FVIII inhibitor development,
mouth hemorrhage, muscle hemorrhage, pharyngeal hemorrhage, and device occlusion (1 event each); 4The onset date of this SAE occurred before the patient
had enrolled to receive ITI. This patient received the first dose of ITlI 20 days prior to receiving formal confirmation of inhibitor development by the central
laboratory; €Including 2 instances of drug hypersensitivity and 3 instances of FVIIl inhibitor development. The 2 instances of drug hypersensitivity resolved in both
patients, rurioctocog alfa pegol was withdrawn and both patients discontinued the study. The 3 instances of FVIII inhibitor development included the patient who
developed an inhibitor to octocog alfa, as well as the 2 patients who developed high-titer FVIII inhibitors to rurioctocog alfa pegol and did not enroll to receive ITl;

therefore, the patients were considered to have completed the study; 71 patient experienced 2 catheter-related SAEs, both of which resolved.
AE, adverse event; FVIII, factor VIII; ITl, immune tolerance induction; SAE, serious adverse event.

safety profile in PUPs, who have no (or limited) previous
exposure to rurioctocog alfa pegol is essential, especially
given that post-translational modification can impact the
immunogenicity of therapeutics [16].

The incidence (95% ClI) of inhibitor development in this IA
(19% [10.0%-33.0%]) was lower than reported in other studies in
PUPs [10,25-27]. The SIPPET study, a large, prospective study in
which patients were randomized to receive either plasma-
derived FVIII or recombinant FVIII, found a cumulative incidence
(95% Cls) for all inhibitors of 26.8% (18.4%-35.2%) in patients
treated with plasma-derived FVIIl and 44.5% (34.7%-54.3%) in
patients treated with recombinant FVIII [28]. In addition, recent
data investigating the use of turoctocog alfa pegol in PUPs found
an inhibitor incidence of 29.9% [29]. However, it is important to
note that there are several differences between the patients
included in these studies and this is an interim analysis of an
ongoing study. The incidence of high-risk FVIIl mutations and
family history of FVIIl inhibitors was lower in this study compared
with these previously published trials, indicating that the
patients in this current study may have had a lower overall risk
of inhibitor development. In addition, this manuscript reports an
IA rather than a full patient follow-up. As a result, any compar-
isons should be made with caution. The time to inhibitor devel-
opment was consistent with previous studies of recombinant
FVIII products in PUPs with hemophilia A [10,26,30].

The ABR reported for the SAS in this IA was similar for patients
receiving prophylaxis and those receiving on-demand treatment.
This similarity in ABR between treatment regimens could be
explained by the fact that these are PUPs, and the median

patient age is <12 months, meaning that most patients will
start with on-demand treatment to avoid over exposure to FVIII
and patients may only switch to prophylactic treatment in
response to increased bleeding rates. This creates a bias, with
patients experiencing higher bleeding rates more likely to be
those receiving prophylaxis, and those with a lower bleeding rate
more likely to be receiving on-demand treatment. In addition,
owing to the age of the patients, most were given a once weekly
prophylaxis regimen, rather than the label recommended regi-
men of twice weekly. Patients receiving on-demand treatment
experienced numerically higher spontaneous ABRs (3.1) and
numerically lower injury-related ABR (1.6) than those on prophy-
laxis (1.0 and 2.1, respectively), as expected in this patient popu-
lation. Where a hemostatic efficacy rating after 24 hours or
following bleed resolution was provided, it was mostly reported
as ‘excellent’ or ‘good.” A factor that may have contributed to the
high rate of unrated bleeds is that the patients are PUPs, mostly
<1 year of age. Therefore, noncompliance to the requested pro-
cess for rating bleed severity is not unexpected given that the
caregivers had likely not previously participated in such
a process.

No thromboembolic AEs were reported, and no patients
experienced drug hypersensitivity when treated with ruriocto-
cog alfa pegol for ITI, even when the high-dose regimen was
used. These data indicate that rurioctocog alfa pegol has
a safety and efficacy profile in PUPs consistent with that
reported in previously treated pediatric, adolescent, and
adult patients with hemophilia A for the treatment and pre-
vention of bleeds [31-33].
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The data reported here are limited by the fact that this was
a prespecified 1A and included only 59 patients, 10 of whom
developed FVIII inhibitors. Calculations of incidence of inhibitor
development may also be biased toward higher rates owing to
the inclusion/exclusion criteria for this IA. However, including
patients with <2 prior EDs might have reduced inhibitor risk
estimates by excluding patients who are highly susceptible to
inhibitor formation. An analysis assessing the rate for risk factors
will be performed once all patients have completed the study. In
addition, as of the data cutoff, only 1 patient had completed ITI.
Therefore, all results should be interpreted with caution.

A key strength of this study is that it was conducted in
a diverse patient population compared with previous PUP
studies, which typically has a population with >70% White
patients [10,26], making the results more generalizable to
the wider population. This is especially important given that
the risk of inhibitor formation is impacted by patients’
race [34].

5. Conclusion

Interim data show that rurioctocog alfa pegol was efficacious
at maintaining hemostasis and treating bleeds in PUPs with
severe hemophilia A, with comparable immunogenicity to that
demonstrated for other rFVIIl products and a similar safety
profile to studies in previously treated patients. These results
complement previously published data. Further data from the
final analysis are needed to draw conclusions on the use of
rurioctocog alfa pegol for ITI.
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