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Abstract

Background: Real-world data assessing treatment outcomes in patients with hemophilia A in

routine clinical practice are limited.

Objective: To evaluate the effectiveness and safety of octocog alfa in patients with moderate/

severe hemophilia A receiving treatment in clinical practice.

Design: The international Antihemophilic Factor Hemophilia A Outcome Database study is an

observational, noninterventional, prospective, multicenter study.

Methods: This planned interim data read-out was conducted following 7years of observation

of patients receiving octocog alfa (cut-off, 30 June 2020). The primary endpoint was joint

health status, assessed by the Gilbert Score. Secondary endpoints included annualized

bleeding rates (ABRs), Hemophilia Joint Health Score (HJHS], health-related quality of life, Correspondence to:
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people with hemophilia A has traditionally involved
the intravenous replacement of factor VIII (FVIII)
either during a bleeding event (on-demand treat-
ment) or continuously to prevent bleed occurrences
(referred to as prophylaxis).! In clinical trials, FVIII
prophylaxis is associated with improved joint health
and significantly reduces the incidence of joint and
total hemorrhage.>7

Octocog alfa (recombinant antihemophilic factor;
ADVATE®; Baxalta US Inc., a Takeda Company,
Lexington, MA, USA) is a recombinant, human,
full-length DNA coagulation FVIII. Prophylactic
and on-demand administration have been shown
to be effective for the prevention and treatment of
bleeding episodes, including during surgery, in
patients with moderately severe or severe hemo-
philia A.8-11 Rurioctocog alfa pegol was designed
to extend the half-life of octocog alfa by including
a covalently conjugated polyethylene glycol poly-
mer. Clinical data have demonstrated equivalent
efficacy and safety of rurioctocog alfa pegol in pre-
viously treated patients with hemophilia A.12-14

However, real-world data examining the long-term
outcomes of FVIII replacement, including the
impact on joint health and patient QoL, are lim-
ited. Therefore, the international, observational
Antihemophilic Factor (recombinant rAHF)
Hemophilia A Outcome Database (AHEAD)
study was established to evaluate the effectiveness
and safety of FVIII replacement in patients with
hemophilia A receiving octocog alfa or rurioctocog
alfa pegol from 22 countries. This study aims to
capture data on patients of all ages with or without
a history of inhibitors who are receiving treatment
as routine clinical practice (on demand or prophy-
laxis) and are followed for up to 7 years. A previous
analysis investigating bleeding patterns in patients
treated with octocog alfa conducted after 3 years of
observation has already been published.!> This
analysis presents effectiveness, including joint
health status, and safety data from an interim read-
out in patients receiving octocog alfa conducted
after an additional 4years, for a total of up to
7 years, of follow-up.

Methods

Objectives

The primary objective of the AHEAD interna-
tional study is to describe joint health outcomes,
assessed using pain, bleeding, and physical exam

parameters of the Gilbert Score, in patients
receiving octocog alfa or rurioctocog alfa pegol in
a routine clinical practice setting. Secondary
objectives include hemostatic effectiveness in a
variety of clinical settings, hemophilia-related
comorbidities, drug-utilization, health-related
QoL (HRQoL) assessments, as well as safety and
immunogenicity. The analysis described in this
manuscript focuses only on data collected during
octocog alfa treatment, as there were very few
patients receiving rurioctocog alfa pegol during
this study period.

Patients

Eligible patients have either moderate (FVIII
1-5%) or severe hemophilia A (FVIII <1%) and
had been prescribed octocog alfa or rurioctocog
alfa pegol, in accordance with their respective
indications, by their treating physician before
study enrollment. Patients of any age, gender,
and ethnicity are eligible for the study. Patients
included those who were previously treated as
well as previously untreated patients, defined as
naive to FVIII exposure at the start of the study,
and minimally treated patients, defined as patients
with 1-4 prior exposure days to FVIII at the start
of the study. Exclusion criteria include known
hypersensitivity to the active substance or any of
the excipients, known allergic reaction to mouse
or hamster proteins, or participation in another
clinical study involving an investigational product
or device within 30 days before study enrollment.

Study design

AHEAD international is an ongoing observa-
tional, post-authorization, noninterventional,
prospective,  multicenter, database study

(ClinicalTrials.gov: NCT02078427). The treat-
ment regimen, including frequency and dosing of
on-demand and prophylaxis using standardized
regimens or individual pharmacokinetic (PK)-
guided dosing regimens, or immune tolerance
induction (ITI) therapy, as well as the occurrence
of laboratory, radiologic, and clinical monitoring,
is decided by the treating clinician. Study visits
coincide with routinely scheduled and emergency
visits. Joint health assessments were conducted
according to routine clinical practice in each
country. From February 2018, patients who were
receiving octocog alfa at baseline were permitted
to switch to rurioctocog alfa pegol during the
study. Data for the primary endpoint of joint
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health outcomes are collected for up to approxi-
mately 12years from the time of study enroll-
ment, with secondary outcome data collected for
up to 8years for patients receiving octocog alfa
or rurioctocog alfa pegol alone. Patients who
switch from octocog alfa to rurioctocog alfa
pegol during the study are followed up for at
least 4 years after the switch, for a total of up to
approximately 12years follow-up. Patients who
switch to other factor concentrates or non-factor
therapies stop being followed at the time of this
switch. Full details of the study design have been
published previously.!> Study completion (last
patient, last visit) is expected on 16 January
2024.

Endpoints

The primary endpoint of joint health outcome
was assessed physically using only the pain (score:
0-3), bleeding (score: 0-3), and physical exami-
nation (score: 0-12) parameters of the Gilbert
Score. Higher scores for each of these categories
represent worsening conditions. Secondary end-
points reported for this interim data read-out
include annualized bleeding rate (ABR) and
annualized joint bleeding rate (AJBR), HRQoL
using the 12-item Short Form Health Survey,
version 2 (SF-12v2) questionnaire,!® status of
joint health assessed using the Hemophilia Joint
Health Score (HJHS), including both the Global
Gait and Total Scores, and factor FVIII con-
sumption. All adverse events (AEs), including
serious AEs (SAEs) and treatment-related AEs,
were monitored and recorded throughout the
study, including development of FVIII
inhibitors.

Statistical analysis

Statistical hypothesis tests or comparisons for
safety and effectiveness endpoints were not
planned for this study. Therefore, no powered
samples size calculations were performed. Patients
were enrolled based on feasibility and the planned
final sample size (~1130 patients) was selected as a
reasonable number for a noninterventional study
that can practically be recruited within the planned
duration of recruitment (5 years).

Due to the noninterventional nature of this
study, missing values were expected, and no sta-
tistical imputations were conducted. Therefore,

all analyses were performed using non-missing
data. Continuous variables are expressed as mean
(standard deviation, SD) and median (interquar-
tile range). Categorical variables are expressed as
frequencies and percentages. Stratifications by age
were based on age at each study time point. This
interim report summarizes observational data for
enrolled patients who received octocog alfa for up
to 7years (cut-off, 30 June 2020). Patients who
switched to rurioctocog alfa pegol during the study
were excluded from the safety analysis, and for all
other outcomes only data for octocog alfa treat-
ment periods are included in the analysis. The
study is ongoing and patient data have been col-
lected continuously. Data were stratified by
patients’ hemophilia severity at baseline, with
moderate hemophilia defined as FVIII 1-5% and
severe hemophilia defined as FVIII <1%.

Results

Between June 2011 and June 2020, 711 patients
who received octocog alfa were enrolled from
22 countries (Australia, Austria, Belgium, Brazil,
Canada, China, Colombia, Czech Republic,
Denmark, France, Greece, Hungary, Italy,
Norway, Poland, Portugal, Russia, Slovenia, Spain,
Sweden, Switzerland, and United Kingdom). Nine
patients switched from octocog alfa to rurioctocog
alfa pegol and were subsequently excluded from
the safety analyses. Eleven patients receiving ruri-
octocog alfa pegol at baseline were enrolled in the
study but are not included in the present analyses
which focus only on patients receiving octocog
alfa. Of the 711 patients included in this analysis,
76 (10.7%) had completed 7 years of follow-up at
the time of the data cut-off, including 59/582
patients (10.1%) receiving octocog alfa prophy-
lactically and 17/112 patients (15.2%) receiving it
on-demand. As of the data cut-off, 267 (75.9%)
patients discontinued the study early and 85
(12.0%) completed the study according to the
protocol. Of the patients discontinuing the study
early, 145 patients had switched to another FVIII
product, 29 withdrew consent, 28 were lost to
follow-up, 8 discontinued because the study was
terminated by the sponsor, 4 for non-compliance
with the study protocol, 4 due to death, 3 unsatis-
factory therapeutic response, and 1 AE; 45 dis-
continued for non-specified other reasons. The
mean (SD) total study duration was 3.55
(1.88) years and the median (range) duration was
3.45 (0.10-8.49) years.
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Table 1. Baseline demographics.

Characteristic All patients (n=711)

Age, median (range), years 14 (0-78)

Age category, n (%)

0 to <1month 2(0.3)

1 month to <2years 48(6.8)

2 to <12years 262 (36.8)
12 to <18years 84 (11.8)
=18years 315 (44.3)

Ethnic group, n (%)

White 492 (69.2)
Black/African American 40 (5.6)
Asian 5(0.7)
Other 88 (12.4)
Not reported 86 (12.1)

Treatment regimen, n (%)

Prophylaxis 582 (81.9)
FVII1-5%2 153 (21.5)
FVIIT <1%2 427 (60.1)
FVIIl unknown 2(0.3)

On-demand 112 (15.8)
Immune tolerance induction 17 (2.4)

aModerate disease=FVIIl 1-5%; severe disease=FVIIl <1%.
FVIII, factor VIII.

Baseline characteristics

Baseline characteristics for the full patient cohort
(n=711) are shown in Table 1. All but one patient
in the study was male and the median age of
patients at enrollment was 14years (range,
0—78years). Children and adolescents under
18years comprised 55.7% of the population and
69.2% of patients were of White ethnicity. Of the
711 patients, 582 (81.9%) were receiving prophy-
lactic therapy at baseline, 112 (15.8%) were
receiving on-demand therapy, and 17 (2.4%)
were receiving I'TI therapy. Most patients [#=498
(70.0%)] had severe hemophilia A (FVIII <1%),
whereas 210 (29.5%) had moderate disease

(FVIII 1-5%). A hemophilia severity grading was
not available for three patients (0.4%).

Joint health outcomes

Median average Gilbert Scale Scores over the
follow-up period (up to 7 years) stratified by treat-
ment regimen and disease severity are presented
in Supplemental Figure S1. Median Gilbert
Scores ranged from 3.6 to 13.0 in adult patients
(aged 18years or older) with severe disease receiv-
ing on-demand therapy and 1.7 to 2.8 in those
receiving prophylaxis during the study. In patients
with moderate disease, median Gilbert Scores
ranged from 0.3 to 2.1 in those receiving on-
demand therapy and 0.8 to 2.2 in those receiving
prophylaxis (Supplemental Figure S1). Median
Gilbert Scores ranged from 0.0 to 0.3 in children
aged 2 to under 12years with severe disease and
from 0.2 to 0.6 in those with moderate disease. In
patients aged 12 to under 18years, median
Gilbert Scores ranged from 0.0 to 1.0 in those
with severe disease, and 0.0 to 3.0 in those with
moderate disease, although patient numbers were
low (Figure 1).

The mean HJHS Global Gait Score over time in
patients receiving prophylaxis stratified by disease
severity is shown in Supplemental Figure S2. In
patients receiving prophylaxis, there was a numer-
ical decrease in HJHS Global Gait Score over the
7-year follow-up in patients with severe disease,
who represent the majority of such patients. In
patients receiving on-demand therapy there was
no clear trend in HJHS Global Gait Score, but
the numbers of patients were very small
(Supplemental Figure S3). Results for HJHS
Total Score in patients receiving prophylaxis and
on-demand therapy (Supplemental Figure S4)
were similar to those for HJHS Global Gait Score
in the overall population.

Effectiveness

ABRs and AJBRs over the study follow-up strati-
fied by treatment regimen and disease severity are
shown in Supplemental Figures S5 and S6,
respectively. Median overall ABRs ranged from
1.8 to 10.4 in patients receiving on-demand ther-
apy and 0.0 to 1.3 in those receiving prophylaxis.
Median overall AJBRs ranged from 0.9 to 5.4 in
patients receiving on-demand therapy and 0.0 to
0.0 in those receiving prophylaxis. The percent-
age of patients with an ABR of zero was 34-56%
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Figure 1. Average Gilbert Score (three-dimensional; all joints) over time in patients (a) aged 2 to under
12years and (b) aged 12 to under 18years, with severe or moderate disease. All patients were receiving

prophylaxis.
aModerate disease=FVIIl 1-5%; severe disease=FVIIl <1%.

FVIII, factor VIII; HA, hemophilia A; 1QR, interquartile range; SEM, standard error of the mean.

over the study follow-up in those treated with
prophylaxis and 20-40% in those receiving on-
demand therapy (Supplemental Figure S7).
When categorized according to disease severity,
more patients achieved an ABR of zero with

prophylaxis compared with on-demand therapy
in both the moderate and severe groups although
the numbers of patients receiving on-demand
therapy was small (Supplemental Figure S7).
In addition, there was a trend for decreasing
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bleeding rates and an increasing proportion of
patients experiencing zero bleeds over time
(Supplemental Figures S7 and S8).

The mean annual consumption of octocog alfa
per observation period, including bleed events,
was higher in patients treated with prophylaxis
(4356-47521U/kg/year) compared with on-
demand therapy (393-856 IU/kg/year). The mean
(SD) weekly number of infusions, including bleed
events, ranged from 2.9 (0.9) to 3.1 (1.0) in
patients receiving prophylaxis compared with
0.3 (0.2) to 0.6 (1.1) in those receiving on-
demand treatment across the study follow-up
period.

Health-related QoL

The physical component scores and mental com-
ponent scores of the SF-12v2 questionnaire for
patients aged 18years or older with severe or
moderate hemophilia A are presented in
Supplemental Figure S9. An SF-12v2 score of
approximately 50 is indicative of a good QoL,
whereas a score of less than 50 denotes a poorer
QoL. Consistent physical and mental composite
scores were reported during the 7-year follow-up
period for both patients receiving on-demand
therapy and for those receiving prophylaxis.
Patients with severe hemophilia A receiving
prophylaxis reported numerically higher physical
component scores than those receiving on-
demand therapy. However, mental component
scores were similar between treatment groups.

Safety

The safety analysis set comprised the 702 patients
who received octocog alfa throughout the study. Of
these patients, 414 (59.0%) experienced a total of
2234 AEs, including 13 patients (1.9%) who expe-
rienced 18 AEs considered by the treating clinician
to be possibly/probably related to octocog alfa. The
only octocog alfa-related AE that occurred in more
than one patient was FVIII inhibitor development,
which was reported in nine patients. FVIII inhibitor
development was considered as an SAE. Rash,
adverse drug reaction, treatment failure, nausea,
allergic rhinitis, and hyperhidrosis were reported in
one patient each. SAEs were reported in
141 patients (20.1%), including 12 patients (1.7%)
who each experienced one SAE considered to be
possibly/probably related to octocog alfa. The

octocog alfa-related SAEs were all cases of FVIII
inhibition.

Discussion

Long-term treatment outcomes data in a real-
world cohort of patients with hemophilia A are
significantly lacking. For this reason, the nonin-
terventional, prospective AHEAD international
study was initiated in June 201 1. The results of an
interim analysis conducted after 3 years of follow-
up in 522 patients found an ABR of 1.7-2.2 for
patients receiving prophylaxis with octocog alfa
and 8.9-13.0 in those receiving on-demand treat-
ment. In addition, approximately 42% of patients
on prophylaxis and 12% of those treated with on-
demand therapy experienced zero annual joint
bleeds.15 This suggested that the goal of achieving
zero bleeds with prophylactic treatment was pos-
sible for many patients. However, the data
included in this previous 3-year interim analysis
did not provide information on long-term out-
comes such as joint health. The results of this
7-year interim analysis of the AHEAD interna-
tional study show that the long-term effectiveness
of octocog alfa is maintained, regardless of age or
disease severity, compared with earlier analy-
ses!>17 and provides data assessing joint health
outcomes in these patients.

During the study there was a tendency for numer-
ically lower ABRs with prophylaxis than with on-
demand therapy. An ABR of zero was achieved by
34-56% of patients receiving prophylaxis com-
pared with 20-40% of those receiving on-demand
therapy. This numerical difference was not as
much as might be expected given the known clini-
cal advantages of a prophylaxis-based regimen.
This could be due to selection bias within the
study, with patients with severe disease, and,
therefore, more likely to experience bleeding
events, being those most likely to be receiving a
prophylaxis regimen. It is important to note, how-
ever, that the difference between prophylaxis and
on-demand therapy was smallest in year 1 and
generally increased over time. The numerical dif-
ference in zero bleed rate was more pronounced
in patients with severe hemophilia A, with
32-54% of patients treated with prophylaxis and
17-40% of patients treated with on-demand ther-
apy achieving an ABR of zero. The ABRs in the
present study represent an improvement com-
pared with the 3-year analysis of the AHEAD
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study, in which 42% of patients receiving prophy-
laxis and 12% of patients receiving on-demand
therapy overall achieved an ABR of zero.!> This
may be related to optimization of treatment as
patients continue therapy, although it may also be
related to the larger sample size in the present
analysis compared with the 3-year analysis. To
put the bleeding rates in context with other factor
and non-factor hemophilia treatments, a recent
multicenter, observational study reporting bleed-
ing outcomes and safety among patients with
hemophilia A treated with emicizumab before 15
May 2019, an ABR of 0.4 was reported at the end
of follow-up.!® In a retrospective, observational
study of patients in the USA who had received
previous treatment with a prophylactic recombi-
nant FVIII for 12 months or longer before switch-
ing to rurioctocog alfa pegol, a median ABR of
0.8 was reported in 56 patients after a median of
12months’ treatment.!® In a study of recombi-
nant FVIII (BAY 81-8973; Bayer, Berkeley, CA,
USA), interim data from 89 patients followed for
6 months or longer showed a median ABR of 3.3
and median AJBR of 1.1.20 In a subset of 40
patients aged less than 12years, median sponta-
neous ABR was 1.5 and traumatic ABR was 0.9.2!
Consistent with ABR results, median Gilbert
Scores in adults with severe hemophilia A in the
present analysis were higher in those receiving on-
demand therapy than in those receiving prophy-
laxis. Scores were similar in adults with moderate
and severe hemophilia A, whereas Gilbert Scores
in children and adolescents were low. This is not
unexpected, as the increased availability of proph-
ylaxis has led to an increased number of younger
patients being started on prophylaxis earlier com-
pared with more senior patients with hemophilia
A. In addition, joint arthropathy develops slowly
over time, especially in patients receiving primary
prophylaxis. This subtle development of disease,
coupled with the limitations of its early detection
by available tools, hamper timely diagnosis and
treatment. This further highlights the need to
explore alternative early diagnostics tools, such
as joint health biomarkers, for arthropathy
detection.

Most patients in the present study (52.3%) were
treated with non-PK-guided prophylaxis.
However, recent data from the phase III PROPEL
study suggests that personalization of prophylaxis
regimens based on individual patients’ character-
istics and PK profile may provide improved
response. PROPEL compared two different FVIII

troughs using a PK-guided approach and showed
that targeting a higher FVIII trough was associ-
ated with fewer bleeding events.?2 One of the sec-
ondary objectives of the AHEAD study is to
collect PK parameters and assess the relation-
ship between PK-guided prophylactic treatment
and bleeding rates to help further improve
patient outcomes. This will be explored in future
analyses.

Overall, AEs were reported in 59% of patients,
with SAEs in 20.1% of patients. In 1.7% of
patients, SAEs were considered to be possibly/
probably related to octocog alfa treatment. The
types of AEs reported were consistent with the
known safety profile of octocog alfa.

The AHEAD international study is the first pro-
spective study carried out in a large cohort with the
aim of evaluating long-term treatment outcomes
and safety in patients with hemophilia A. Strengths
of the AHEAD study include the global scope and
real-world nature of the study, with patients
included who would not normally be considered
for clinical trials, including those with present, or a
history of, inhibitors or with poor adherence to
therapy. In addition, stratification of patients by
disease severity and by treatment type allowed
more detailed analysis of individual patient cohorts.

As an observational, noninterventional study,
AHEAD has several limitations, including the
lack of randomization and a control group, poten-
tially leading to selection bias. As a noninterven-
tional trial, patients are treated according to their
perceived treatment needs, hence patients with a
‘milder phenotype’ may be more likely to be man-
aged on demand, rather than using prophylaxis.
In parallel, patients with severe disease are more
likely to receive prophylaxis. This confounds
comparisons of outcome measures when compar-
ing on-demand with prophylaxis. Additionally, as
a noninterventional, observational real-world
study, compliance with therapy is invariably likely
to be less rigorous than in a clinical trial setting.
In addition, there was no standardized treatment
protocol. Indeed, the international scope of the
study means that patients could be receiving a
wide range of treatment regimens. Importantly,
most safety and effectiveness parameters were
based on patient recall or self-reported informa-
tion, leading to potential recall bias, and data
completion was challenging as not all endpoints
are available for every patient. As a result, it is
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possible that some bleeds were not recorded.
Joint health was assessed by AJBR, three-dimen-
sional Gilbert Scores (without X-ray assessment),
and HJHS. Imaging analysis would have provided
more accurate information on joint damage.?3
However, joint health assessments were con-
ducted according to routine clinical practice in
each country. Despite the advantages of radio-
logical imaging in terms of sensitivity and early
detection of joint disease, this is offset by cost, the
training required by physicians to interpret radio-
graphs, and inter-rater variability. It should also
be noted that, while the Gilbert Score was the
predominant assessment method when the
AHEAD study was initiated, the newer HJHS is
optimized for use in children with no or minimal
joint disease as well as patients on primary proph-
ylaxis, and is better suited than the Gilbert Score
for use in children and adolescents.?#2> The
increasing preference for HJHS over the Gilbert
Score may explain in part the low ‘N’ values for
the Gilbert Score data.

Furthermore, as the study is ongoing, patients do
not necessarily contribute data at all timepoints
during the 7-year follow-up as a result of dynamic
enrollment (i.e. patients enrolled at different time-
points). This could be addressed by future analy-
ses focusing on patients who were followed for a
specific period (e.g. 5years). There was also an
imbalance in the number of patients receiving
prophylaxis wversus on-demand therapy, which
makes comparison of these two regimens difficult.
Withdrawal bias may also potentially arise due to
the withdrawal of patients with higher bleeding
rates from the study who consequently choose to
move to some other treatment, leading to an
apparent improvement in outcomes over time.

The primary analysis included all patients, regard-
less of disease severity, and interpretation of these
results is therefore challenging because of differ-
ences between severity groups. To address this, a
post hoc analysis was conducted in patients classi-
fied at baseline as having moderate or severe dis-
ease. Importantly, these classifications were
prespecified and assessed at baseline based on
FVIII activity rather than clinician opinion.
Stratifying patients in this way also increases the
transparency of the data, as outcomes are gener-
ally better in moderate disease compared with
severe disease. It is important to note, however,
that some patient subgroups were very small, such
as the group of on-demand patients with available

joint health score data. It should also be noted that
no data on treatment nonadherence — which can
lead to underestimation of effectiveness, particu-
larly relating to prophylaxis — were collected.

Conclusion

These 7-year interim data corroborate previous
analyses demonstrating the long-term effective-
ness of octocog alfa for bleed prevention and for
maintenance of long-term joint health in patients
with moderate and severe hemophilia A, regard-
less of patient age. In particular, patients receiv-
ing octocog alfa as prophylaxis in the AHEAD
study experienced a low number of bleeds, dem-
onstrating that a low ABR can be maintained
using a standard half-life product. No new safety
signals were observed when compared with the
3-year follow-up.!> The only octocog alfa-related
SAE that occurred in more than one patient in
both analyses was FVIII inhibitor development.
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