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Methods: Longitudinal analysis included pooled data from A-LONG/Kids A-LONG and

ASPIRE. Subgroup analyses investigated outcomes in modified Hemophilia Joint Health
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Score or Hemophilia Joint Health Score and target joints in subjects with 4 to 5 years
follow-up on individualized prophylaxis (IP), and those with the highest annualized
bleeding rate (ABR) quartile during Year 1 of IP.

Results: Overall, rFVIIIFc consumption remained stable and low ABRs were maintained,
with a median treatment duration of 4.2/3.4 years in subjects from A-LONG/Kids A-
LONG, respectively. Median overall ABR also remained low (1.0-2.0) in subjects on IP
for 4 to 5 years. Sustained improvements in modified Hemophilia Joint Health Score or
Hemophilia Joint Health Score were demonstrated over a median follow-up of 3.7
years. In subjects from A-LONG/Kids A-LONG, 99.6% (n = 234)/100% (n = 9) of
evaluable baseline target joints were resolved, with no recurrence in 95%/100% of
target joints. In IP subjects within the highest ABR quartile in Year 1, continued im-
provements were observed over a median follow-up of 4.3 years in ABR and joint
health, without increased factor consumption. No inhibitors or treatment-related
serious adverse events were reported.

Conclusion: Previously treated subjects of all ages receiving long-term prophylaxis with
rEVIIIFc had sustained clinical benefits, including improved joint health and low ABR.

Prophylaxis with a recombinant factor VIII Fc in hemophilia A: long-term Konkle BA, Oldenburg J., Pasi J., Kulkarni R.,
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» Recombinant factor VIII Fc fusion protein (rFVIIIFc) can improve joint health in hemophilia A.

« Long-term (4-5 years) efficacy and safety of a rFVIIIFc was evaluated using phase 3 trial data.

» rFVIIIFc achieved low annualized bleeds, stable factor consumption, and improved joint health.

« rFVIIIFc (efmoroctocog alfa) prophylaxis demonstrated an acceptable long-term safety profile.

1 | INTRODUCTION

bleeds are a major cause of morbidity in hemophilia and, if inade-

Patients with hemophilia have a tendency to bleed, with bleeding
severity inversely correlated with the level of clotting factor [1]. Those
with severe hemophilia (<1 International Units (IU)/dL [<1%)] endog-
enous factor activity) are more susceptible to spontaneous bleed
events, particularly into the knee, elbow, and ankle joints, compared
with patients with moderate or mild hemophilia [1]. Recurrent joint

guately managed, can lead to long-term joint disease, increased pain,
and reduced quality of life [2,3].

Prophylaxis with hemostatic agents, such as replacement factor
VIII (FVII), is the current standard of care in hemophilia A, which aims
to prevent bleeding and joint destruction and thereby preserve
musculoskeletal health [1,3]. It is often difficult to achieve satisfactory
joint protection in people with severe hemophilia A treated with
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standard half-life (SHL) FVIII prophylaxis, due to the high injection
frequency required with these products [4-6].

Extended half-life (EHL) FVIII replacement products may offer a
greater potential for treatment personalization compared with SHL
therapies, which may help to achieve improved joint protection [5].
Depending on the needs of each individual, EHL products may offer
less frequent dosing, increased treatment flexibility, and/or the pos-
sibility to maintain higher FVIII levels and, therefore, increased pro-
tection against breakthrough bleeds [5-9].

Efmoroctocog alfa (a recombinant factor VIII Fc fusion protein,
referred to herein as rFVIIIFc) was the first EHL recombinant FVIII
(rFVIII) product to receive Food and Drug Administration and Euro-
pean Medicines Agency approval for use in the USA and Europe
[10,11]. Phase 3 pivotal (A-LONG/Kids A-LONG) and extension
(ASPIRE) studies have demonstrated the safety, efficacy, and phar-
macokinetics of EHL rFVIIIFc in previously treated adults, adolescents,
and children [12-14]. The safety and efficacy of rFVIIIFc have also
been demonstrated in previously untreated pediatric patients [15].
Moreover, previously published data suggest that patients treated
with rFVIIIFc prophylaxis experience additional benefits beyond the
immediate prevention of bleeds, including improved joint health [16].

Here, we report pooled longitudinal and secondary analyses of
final data from phase 3 pivotal studies (A-LONG/Kids A-LONG) and
the ASPIRE extension study. These analyses aimed to evaluate the
long-term safety and efficacy of rFVIIIFc prophylaxis with individual-
ized dosing regimens over time in subjects of all ages who had severe

hemophilia A, with a focus on long-term joint health outcomes.

2 | METHODS

2.1 | Study design and participants

A post hoc analysis of final data from phase 3 pivotal (A-LONG and
Kids A-LONG) and extension (ASPIRE) studies in subjects with severe
hemophilia A treated with rFVIIIFc was conducted.

Eligible subjects for A-LONG (>12 years of age) and Kids A-LONG
(<12 years) studies were male with severe hemophilia A (<1 IU/dL
[<1%] endogenous FVIII activity). Enrolled subjects had >150 (A-
LONG) or >50 (Kids A-LONG) prior exposure days to any FVIII product
and no history of a positive test for anti-FVIII antibodies (inhibitors).

At A-LONG entry, subjects received one of 3 rFVIIIFc treatment
regimens (Supplementary Table S1). Subjects on a prestudy prophy-
lactic FVIII regimen (>2 times a week) or prestudy on-demand
regimen with FVIII with >12 bleeding episodes in the 12 months
prior to study start date were enrolled to receive individualized pro-
phylaxis (IP) with rFVIIIFc in A-LONG. For entry into the weekly
prophylaxis (WP) and on-demand treatment arms, A-LONG subjects
were required to have received on-demand treatment with >12
bleeding episodes in the 12 months prior to study start. Subjects
continuing into ASPIRE study could switch between eligible treatment
regimens at enrollment. All subjects enrolled in Kids A-LONG received

IP; IP was given twice weekly and then adjusted as needed.
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A-LONG/Kids A-LONG subjects who did not achieve optimal pro-
phylaxis on IP or WP during the pivotal studies were enrolled to
receive modified prophylaxis during ASPIRE. Full details of study
design and treatment regimens have been reported previously
[12-14].

Study protocols were approved by institutional review boards
and/or ethics committees at participating institutions. Subjects, or
their guardians, provided written informed consent prior to partici-
pation in the studies; if appropriate, adolescent or pediatric subjects
also provided assent. All studies included in this analysis were con-
ducted in accordance with the International Conference on Harmo-
nization Guidelines for Good Clinical Practice [17] and ethical
principles that comply with the Declaration of Helsinki [18], and are
registered with ClinicalTrials.gov  (ClinicalTrials.gov identifiers:
NCT01181128, NCT01458106, NCT01454739).

2.2 | Outcome measures

2.2.1 | Longitudinal analysis

Data from the start of A-LONG/Kids A-LONG to the end of ASPIRE
were analyzed and the following outcome measures were reported:
annualized prophylactic consumption with rFVIIIFc, dosing interval,
treatment compliance (dose compliance defined as administered dose
within 80%-125% of the prescribed dose, and interval compliance as
injection within +1 day of the prescribed interval), annualized
bleeding rate (ABR; including zero bleed rate, spontaneous, traumatic,
and joint bleeds), and bleed resolution (defined as the number of in-
jections and dose per injection of rFVIIIFc required to resolve a
bleeding episode). Zero bleed rates were reported for A-LONG/Kids
A-LONG subjects with >24 months of efficacy follow-up. Safety data,
including development of FVIII inhibitors and high-level data on
adverse events (AEs), were also reported.

For subjects who switched from one regimen to another during
ASPIRE, the start date/time on each treatment was used as time zero.
Observed ABR and consumption data are summarized by year (Years
1-5) from the start time point for that regimen.

Data from subjects originally enrolled in either A-LONG or Kids
A-LONG are analyzed separately.

2.2.2 | Post hoc sub analyses
The long-term safety and efficacy of rFVIIIFc were investigated in all
subjects remaining on IP in the pivotal and extension studies for 5
years in A-LONG and 4 years in Kids A-LONG (with at least a 6-month
efficacy period for each year). The efficacy period began with the first
prophylactic dose of rFVIIIFc and ended with the last dose, excluding
surgery and rehabilitation periods. For this analysis, ABR and annu-
alized consumption by year, as well as dosing interval, were assessed.
Joint health analyses included subjects with modified Hemophilia
Joint Health Score (mHJHS) (A-LONG subjects) or Hemophilia Joint
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Health Score (HJHS) (Kids A-LONG subjects) data at pivotal study
baseline and at least one additional major time point during ASPIRE
(baseline, Year 1, Year 2, Year 3, and/or Year 4). The following outcomes
were assessed: change in mHJHS/HJHS from baseline to last available
mHJHS/HJHS score, change from baseline to major time point(s), and for
A-LONG subjects, joint score subdomains and number of joints with and
without pain. The mHJHS was developed due to the lack of validated
joint scoring tools in adults and was based on recommendations from the
literature [16,19]. The mHJHS ranged from O (normal) to 116 (most se-
vere disease) due to simplification of the response scales in the HJHS
(version 2.1; range, 0-124); a scoring comparison between HJHS (version
2.1) and mHJHS has been described previously [16].

An additional analysis evaluated subjects with target joints at
baseline, defined as a single major joint (eg, hip, elbow, wrist, shoulder,
knee, and ankle) in which >3 bleeds had occurred within a consecutive
6-month period [20]. ABRs were assessed in subjects with a target
joint at pivotal study baseline and with an efficacy period (as defined
above). Target joint resolution (<2 spontaneous bleeds in the target
joint over a consecutive 12-month period) and target joint recurrence
(>3 spontaneous bleeds in a single joint within a consecutive 6-month
period after target joint resolution) were also assessed for evaluable
target joints [20]. Evaluable target joints were defined as target joints
from subjects who were on prophylaxis and had >12-month consec-
utive follow-up and with no surgical intervention during >12 months
follow-up. Evaluable resolved target joints were target joints with >6
months follow-up post-resolution.

A further analysis was conducted to investigate long-term outcomes
in subjects who remained on IP throughout A-LONG and ASPIRE, and
had ABRs in the highest quartile of all IP-treated subjects during the first
year of treatment in A-LONG (n = 122), which corresponded to an ABR
of >4. Eligible subjects also had available data beyond Year 1. ABR,

annualized consumption, and joint health data are reported.

2.3 | Statistical analysis

Outcome measures were summarized using descriptive statistics; mean,
median, and IQR were calculated for continuous variables. Categorical
variables are reported using absolute counts and proportions. Change
in mHJHS subdomains from baseline to last mHJHS assessment in
ASPIRE was analyzed using a paired t-test, which after Bonferroni
correction was considered to be statistically significant at P < .00625.

3 | RESULTS

3.1 | Pooled longitudinal analysis of subjects in
A-LONG/Kids A-LONG/ASPIRE
3.1.1 | Subjects

A total of 165 and 71 previously treated subjects enrolled in A-LONG
and Kids A-LONG [12,14]. Of the total enrolled population, 164

subjects in A-LONG and 69 subjects in Kids A-LONG received >1
rFVIIIFc dose, respectively. Of these, 150 subjects from A-LONG and
61 subjects from Kids A-LONG enrolled in ASPIRE (Table 1). More-
over, 132 subjects from A-LONG and 54 subjects from Kids A-LONG
completed ASPIRE [13].

3.1.2 | rFVIIIFc consumption and exposure

In the pooled analysis of subjects from A-LONG/ASPIRE, median (IQR;
range) cumulative number of exposure days during the studies was
309 (213-458; 1-735) days, and duration of treatment was 4.2 (2.8-
5.3; 0.0-5.9) years. In the pooled Kids A-LONG/ASPIRE analysis pop-
ulation, median (IQR; range) cumulative number of exposure days and
duration of treatment during the studies were 358 (162-440; 5-529)
days and 3.4 (1.5-4.2; 0.04-4.4) years, respectively.

Prestudy FVIII prophylaxis consumption data were available for
90 subjects in A-LONG/ASPIRE who had at least a half-year efficacy
period. Of these, 80 subjects subsequently received on-study IP, while
the remaining 10 subjects received on-study WP. The median (IQR)
prestudy annualized prophylactic factor consumption in these subjects
was 4,070 (3,131-5,218) IU/kg and 3,574 (3,131-4,696) IU/kg,
respectively. Median (IQR) prestudy annualized prophylactic factor
consumption for the 54 subjects in Kids A-LONG who received on-
study IP was 5,218 (4,070-6,392) 1U/kg.

Pooled data for on-study annualized prophylactic factor con-
sumption of rFVIIIFc from Years 1 to 5 (Years 1-4 Kids A-LONG) are
shown in Table 2. Factor consumption remained stable throughout the
follow-up period for subjects of all ages receiving IP and WP during
the pivotal and extension studies. As previously described, median
(IQR) weekly prophylactic factor consumption was maintained from
75 (70-91) IU/kg at the end of A-LONG to 75 (70-97) IU/kg at the end
of ASPIRE (n = 128). Kids A-LONG subjects (n = 61) in ASPIRE had a
higher median (IQR) weekly factor consumption (95 [75-116] 1U/kg)
than at the end of Kids A-LONG (75 [75-105] 1U/kg) [13].

3.1.3 | Dosing intervals and compliance

For the 86 subjects from A-LONG and 62 subjects from Kids A-LONG
who received on-study IP and a prestudy FVIII prophylactic regimen,
median (IQR) prestudy FVIII dosing intervals were 2.3 (2.3-2.3) and
2.3 (2.0-2.3) days, respectively.

The initial median (IQR) dosing interval for 128 subjects in A-
LONG/ASPIRE and 69 subjects in Kids A-LONG/ASPIRE who received
on-study IP was 3.5 (3.5-3.5) days. From the start to end of follow-up
(defined as the end of follow-up in the pivotal study for subjects who
did not enter into ASPIRE or the end of follow-up in ASPIRE), the
median change (IQR) in rFVIIIFc dosing interval was 0.0 (0.0-0.5) days
for A-LONG subjects and 0.0 (0.0-0.0) for Kids A-LONG subjects.
During ASPIRE, the majority of subjects from A-LONG (71%) and Kids
A-LONG (89%) receiving prophylaxis maintained the dosing intervals

achieved during the parent studies, as reported previously [13].
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TABLE 1

A-LONG
(n = 165%)
Age at enrollment in pivotal or 30 (12-65)
extension study (y), median (range)
Race, n (%)
White 107 (64.8)
Black or African American 10 (6.1)
Asian 43 (26.1)
Other 5(3.0)
Region, n (%)
Europe 41 (24.8)
North America 56 (33.9)
Other 68 (41.2)

Weight (kg), median (range) 71.6 (42.0-127.4)
Prestudy ABRS, n; median (IQR)

Prior on-demand regimen n = 78; 27.0 (18.0-40.0)
Prior prophylactic regimen n = 86; 6.0 (2.0-15.0)
rEVIIIFc regimen, nd

Individualized prophylaxis 118

Weekly prophylaxis 24

Modified prophylaxis -

On-demand treatment 23

|} u l
research & practice
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Demographic and baseline characteristics of subjects enrolled in A-LONG, KIDS A-LONG, and ASPIRE.

ASPIRE
Kids A-LONG From A-LONG From Kids A-LONG
(n =71 (n = 150) (n = 61)

5 (1-11) 31 (13-66) 6 (2-12)

48 (67.6) 98 (65.3) 42 (68.9)

9 (12.7) 8 (5.3) 8 (13.1)

5 (7.0) 39 (26.0) 4 (6.6)

9 (12.7) 5(3.3) 7 (11.5)

32 (45.1) 36 (24.0) 32 (52.5)

20 (28.2) 51 (34.0) 11 (18.0)

19 (26.8) 63 (42.0) 18 (29.5)

21.3 (13.0-59.6) 73.3° (44.0-125.4) 23.6 (14.2-65.2)
n =8; 12.0 (10.5-15.5) - -

n = 63; 2.0 (1.0-4.0) - -

71 110 59
- 27 -
= 21 3
- 13 -

ABR, annualized bleeding rate; rFVIIIFc, recombinant factor VIII Fc fusion protein.

20f 165 enrolled subjects, 164 were exposed to rFVIIIFc.
bOf 71 enrolled subjects, 69 were exposed to rFVIIIFc.
“One A-LONG subject had missing prestudy ABR data.

9Subjects in ASPIRE were permitted to switch treatment regimens at any time upon enrollment and may appear in >1 treatment regimen.
€Rounding errors may have occurred for some statistics due to rounding from 2 to 1 decimal place.

Pooled A-LONG/Kids A-LONG and ASPIRE compliance with
prophylactic regimens was very high; median (IQR) dose and interval
compliance rates were 99.1% (97.9%-99.7%) and 98.0% (95.0%-
99.1%) for A-LONG subjects, respectively, and 96.4% (86.1%-99.4%)
and 95.9% (91.9%-99.2%) for Kids A-LONG subjects, respectively.

3.1.4 | ABR and control of acute bleed episodes
Prestudy ABR for subjects receiving IP or WP, stratified by prestudy
FVIII regimen, are reported in Supplementary Table S2. For subjects
from A-LONG who received on-study IP and a prestudy prophylactic
regimen (n = 85), median (IQR) prestudy ABR was 6.0 (2.0-15.0); for
corresponding subjects who received on-study WP (n = 11), median
(IQR) prestudy ABR was 2.0 (0.0-28.0). The median (IQR) prestudy
ABR for subjects from Kids A-LONG on prestudy prophylaxis (n = 62)
was 2.0 (1.0-4.0).

On-study ABRs were low and remained low in subjects from A-
LONG and Kids A-LONG for all categories of bleeds receiving

prophylactic rFVIIIFc during Years 1 to 5 and 1 to 4, respectively
(Table 3). The median ABR for subjects from A-LONG on IP was 1.2 at
Year 1 and 0.5 at Year 5. For Kids A-LONG subjects on IP, median ABR
was 1.8 at Year 1 and 1.3 at Year 4. Subjects from both A-LONG and
Kids A-LONG who received on-study IP maintained a median sponta-
neous joint ABR of 0.0 throughout Years 1 to 5 and 1 to 4, respectively.

Overall, 96.3% and 93.3% of bleeds treated during the pivotal and
extension studies were resolved by <2 injections in subjects from A-
LONG and Kids A-LONG, respectively.

3.1.5 | Proportion of subjects with zero bleeds during
each 6-month efficacy period

The proportions of A-LONG subjects on IP with zero overall bleeds
during each 6-month efficacy period for Months 1 to 6 and Months 55
to 60 were 52% and 67%, respectively. For Kids A-LONG subjects on
IP, zero overall bleeds at Months 1 to 6 and Months 43 to 48 were
40% and 43%, respectively (Supplementary Table S3).
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TABLE 2 Annualized factor consumption for subjects receiving individualized and weekly prophylaxis during A-LONG, Kids A-LONG and

ASPIRE.
Year 1 Year 2 Year 3 Year 4 Year 5

Subjects from A-LONG
Individualized prophylaxis (IU/kg)

n 122 90 87 59 46

Median 4,137 4,167 4,135 4,122 4,136

IQR 3,833-4,861 3,926-4,926 3,868-4,929 3,915-5,142 3,762-4,746
Weekly prophylaxis (IU/kg)“

n 38 34 28 22 13

Median 3,478 3,413 3,415 3,424 3411

IQR 3,367-3,600 3,272-3,479 3,089-3,515 3,293-3,474 3,384-3,655
Subjects from Kids A-LONG
Individualized prophylaxis (IU/kg)

n 61 52 46 31

Median 4,945 5241 5,408 5,052

IQR 4,320-5,621 4,484-6,015 4,484-6,122 4,389-5,867 -

IU, International Unit; kg, kilogram.

?For subjects who switched from one regimen to another during ASPIRE, the start date/time on each treatment time is used as zero, and data are

summarized by year from the start time point for that regimen.

bSample sizes for years 1 to 5 comprised subjects with at least a half-year efficacy period in the prophylaxis group at the corresponding year.
“Subjects on weekly prophylaxis may come from the modified prophylaxis regimen if subjects were on weekly dosing interval without additional doses or

with a limited number of additional doses.

dRounding errors may have occurred for some statistics due to rounding from 2 to one decimal place.

For A-LONG subjects on IP, zero spontaneous bleeds were 65% and
78% for Months 1 to 6 and Months 55 to 60, respectively, while zero
joint bleeds were 58% (Months 1-6) and 70% (Months 55 to 60). For
Kids A-LONG subjects, zero spontaneous bleeds were 77% and 70% for
Months 1 to 6 and Months 43 to 48, respectively and 68% (Months 1-6)
and 70% (Months 43-48) for zero joint bleeds (Supplementary Table S3).

3.1.6 | Safety

No subject developed inhibitors during A-LONG, Kids A-LONG, or
ASPIRE. rFVIIIFc was generally well tolerated with no reports of
serious, life-threatening bleeds, treatment-related serious AEs, or
vascular thrombotic events [12-14]. There was 1 report of death due
to the serious AE of polysubstance overdose and completed suicide;
these serious AEs were assessed by the investigator as unrelated to
rFVIIIFc treatment during A-LONG [12].

3.2 | Longitudinal analysis of subjects on IP for 5
(A-LONG) and 4 (Kids A-LONG) years

A total of 45 subjects from A-LONG and 31 subjects from Kids A-
LONG remained on IP from the start until Year 5 and Year 4,

respectively. Demographics and baseline characteristics of this

subgroup (Supplementary Table S4) were largely consistent with all
subjects enrolled in A-LONG, Kids A-LONG, and ASPIRE (Table 1).

Consistent with the primary pooled analysis, the annualized
consumption of rFVIIIFc also remained stable throughout the study
period for this subgroup of subjects (Supplementary Table S5). For A-
LONG subjects who remained on IP to year 5, median (IQR) annual-
ized rFVIIIFc consumption was 4,077 1U/kg (3,880-4,770) at Year 1
and 4,127 1U/kg (3,743-4,574) at Year 5. Similarly, for Kids A-LONG
subjects who remained on IP to Year 4, median (IQR) annualized
rFVIIIFc consumption at Year 1 was 4,921 IU/kg (4,320-5,819) and
5,052 IU/kg (4,389-5,867) at Year 4.

The median (IQR) prestudy FVIII dosing interval for the 20 subjects
from A-LONG and 25 subjects from Kids A-LONG who received pre-
study prophylaxis was 2.3 (2.3-2.3) and 2.3 (2.0-2.3) days, respectively.
For subjects receiving IP from the start until Year 5 or 4, respectively,
median (IQR) initial dosing interval with rFVIIIFc was 3.5 (3.5-3.5) days
each from the start of A-LONG (n = 45) and Kids A-LONG (n = 31).
Dosing intervals were maintained, with no change in median dosing
interval from the start of both pivotal studies to the end of ASPIRE.

Median prestudy ABRs in A-LONG subjects on prestudy FVIII
prophylaxis and on-demand treatment were 7.0 and 24.0, respec-
tively. In Kids A-LONG subjects, corresponding values were 2.0 and
13.5, respectively. During the studies, the median overall ABR
remained low (1.0-2.0) in A-LONG and Kids A-LONG subjects from

Years 1 to 5 or Years 1 to 4 and was consistent with the primary
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TABLE 3 Median (IQR) annualized bleeding rate for subjects receiving individualized and weekly prophylaxis during A-LONG, Kids A-LONG,

and ASPIRE®®.

Treatment regimen Type of ABR Year 1

Subjects from A-LONG

Individualized prophylaxis n 122
Overall 1.2 (0.0-4.0)
Spontaneous 0.0 (0.0-2.0)
Traumatic 0.0 (0.0-2.0)
Joint 1.0 (0.0-3.0)
Spontaneous joint 0.0 (0.0-1.8)

Weekly prophylaxis® n 38
Overall 2.0 (1.0-5.0)
Spontaneous 1.0 (0.0-3.0)
Traumatic 1.0 (0.0-1.9)
Joint 1.5 (0.0-4.0)
Spontaneous joint 1.0 (0.0-3.0)

Subjects from Kids A-LONG

Individualized prophylaxis n 61
Overall 1.8 (1.0-3.0)
Spontaneous 0.0 (0.0-1.0)
Traumatic 1.0 (0.0-2.0)
Joint 0.0 (0.0-1.8)
Spontaneous joint 0.0 (0.0-1.0)

ABR, annualized bleeding rate.

Year 2 Year 3 Year 4 Year 5

90 87 59 46

1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.0 (0.0-3.0) 0.5 (0.0-2.0)
0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-1.4) 0.0 (0.0-1.0)
0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0)
0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.0 (0.0-1.2%)
0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-0.0)
34 28 22 13

2.0 (0.0-4.0) 1.3 (0.0-4.0) 2.1 (1.0-6.0) 1.7 (0.0-5.1)
0.5 (0.0-2.2) 0.5 (0.0-2.0) 1.0 (0.0-5.0) 1.0 (0.0-3.0)
0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0)
1.0 (0.0-3.0) 1.1 (0.0-3.4) 1.5 (0.0-4.4) 1.7 (0.0-4.1)
0.0 (0.0-2.0) 0.0 (0.0-2.0) 0.0 (0.0-4.4) 0.0 (0.0-3.0)
52 46 31

2.0 (0.0-4.1) 1.0 (0.0-3.0) 1.3 (0.0-2.0)

0.0 (0.0-1.0) 0.0 (0.0-1.0) 0.0 (0.0-1.0)

1.0 (0.0-2.5) 0.5 (0.0-2.0) 0.0 (0.0-2.0)

0.0 (0.0-3.0) 0.0 (0.0-1.6) 0.0 (0.0-1.2)

0.0 (0.0-1.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

?For subjects who switched from one regimen to another during ASPIRE, the start date/time on each treatment time is used as zero, and data are

summarized by year from the start time point for that regimen.

bSample sizes for Years 1 to 5 comprised subjects with at least a half-year efficacy period in the prophylaxis group at the corresponding year.
“Subjects on weekly prophylaxis may come from the modified prophylaxis regimen if subjects were on weekly dosing interval without additional doses or

with a limited number of additional doses.

9Rounding errors may have occurred for some statistics due to rounding from 2 to 1 decimal place.

pooled analysis. Spontaneous, traumatic, joint, and spontaneous joint
ABR outcomes were also comparable with the primary pooled popu-
lation (Supplementary Table S5).

3.3 | Joint health analyses

3.3.1 | mHJHS/HIHS analyses
The mHJHS and HJHS analyses included 78 subjects from A-LONG
and 42 subjects from Kids A-LONG who received on-study prophy-
laxis, respectively (demographic and baseline characteristics in
Supplementary Table Sé).

Results presented in the Figure show a sustained decrease in
mHJHS/HJHS from A-LONG and Kids A-LONG baseline to the final
assessment in ASPIRE over a median (range) follow-up of 3.7 (0.8-6.0)

and 3.7 (0.8-4.5) years, respectively.

Improvement in mHJHS was observed from A-LONG baseline to
major time points of the study period (Figure). For A-LONG subjects
(n = 78), the mean (SD; SEM) change in mHJHS from baseline to last
available ASPIRE assessment was —3.5 (7.48; 0.85; P < .0001). An
improvement was observed regardless of prestudy regimen, with a
mean (SD; SEM) change from baseline in mHJHS of —1.9 (6.69; 0.91)
for the 54 subjects on prestudy prophylaxis and —7.0 (8.08; 1.65) for
the 24 subjects on prestudy on-demand treatment.

For A-LONG subjects with an mHJHS evaluation in ASPIRE Year
4 (n = 26), the mean (SD; SEM) change in mHJHS from baseline to
ASPIRE Year 4 was —5.0 (8.06; 1.58). An improvement was observed
regardless of prestudy regimen, with a mean (SD; SEM) change from
baseline in mHJHS of —3.5 (7.93; 2.39) for the 11 subjects on prestudy
prophylaxis with available data for ASPIRE Year 4, and —6.0 (8.26;
2.13) for the 15 subjects on prestudy on-demand treatment.

Overall, the change (decrease) in mHJHS from A-LONG to last

available major ASPIRE time points, categorized by joint score
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FIGURE Mean (SEM) change in (A) mHJHS total score over time from A-LONG baseline in A-LONG/ASPIRE subjects and (B) HJHS total
score over time from Kids A-LONG baseline in Kids A-LONG/ASPIRE subjects. Number of subjects listed were those who were always on
prophylaxis and had baseline mHJHS/HJHS from A-LONG/Kids A-LONG and at least one assessment in ASPIRE at a major assessment visit.
There were variable follow-up times between A-LONG to ASPIRE baseline (median: 8.3 months) and between Kids A-LONG to ASPIRE baseline
(median: 6 months). HJHS, Hemophilia Joint Health Score; mHJHS, modified Hemophilia Joint Health Score.

subdomains, showed statistically significant improvements in swelling
for A-LONG subjects (n = 78; —1.45; P < .0001) (Supplementary
Table S7). Improvements in swelling were observed regardless of
prestudy regimen; however, the decrease in swelling was larger for
subjects on prestudy on-demand treatment (—3.04) compared to
prestudy prophylaxis (—0.74). Modest improvements, although not
statistically significant, were also observed in most other mHJHS
subdomains. Limited data also showed that observed improvements in
mHJHS increased with age (data not shown).

The initial improvement from baseline in HJHS for Kids A-LONG
subjects was maintained throughout the study period (Figure). For
Kids A-LONG subjects (n = 42), the mean (SD; SEM) HJHS change
from baseline to last ASPIRE assessment was —1.0 (2.50; 0.39; P <
.0096). Improvement in HJHS was observed regardless of prestudy
regimen. For subjects on prestudy prophylaxis (n = 37), mean (SD;
SEM) change in HJHS from Kids A-LONG baseline to ASPIRE last

assessment was —0.9 (2.45; 0.4), while for subjects who received
prestudy on-demand treatment (n = 5), mean (SD; SEM) change from
baseline in HJHS was —1.8 (3.03; 1.36).

For Kids A-LONG subjects with an HJHS evaluation in ASPIRE
Year 3 (n = 20), the mean (SD; SEM) HJHS change from baseline to last
ASPIRE assessment was —1.3 (2.88; 0.64). Improvement in HJHS was
observed regardless of prestudy regimen. For subjects on prestudy
prophylaxis with available data for ASPIRE Year 3 (n = 17), mean (SD;
SEM) change in HJHS from Kids A-LONG baseline to ASPIRE Year 3
was —1.2 (3.09; 0.75), while for subjects who received prestudy on-
demand treatment (n = 3), mean (SD; SEM) change from baseline in
HJHS was —1.7 (1.53; 0.88).

Approximately 30% of evaluable subjects experienced a decrease
in the number of painful joints from A-LONG baseline to ASPIRE
baseline (n = 21/69) or from A-LONG baseline to ASPIRE end of Year
4 (n = 8/26) (Supplementary Table S8).
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3.3.2 | Target joint analysis

A total of 111 subjects from A-LONG and 13 subjects from Kids A-
LONG had >1 target joints at study entry and entered the efficacy
period (Supplementary Table Sé). For this subgroup, cumulative
median (range) duration on rFVIIIFc was 4.3 (0.04-5.85) years and
41 (0.4-4.3) years for A-LONG and Kids A-LONG subjects,
respectively.

Overall, pooled data demonstrated sustained low target joint
spontaneous ABRs in the target joints present at baseline in subjects
from A-LONG and Kids A-LONG receiving long-term prophylaxis of
rFVIIIFc (Supplementary Table S9). rFVIIIFc prophylaxis resulted in
resolution of 99.6% (n = 234/235) of all evaluable baseline target
joints in subjects from A-LONG and all (n = 9) evaluable baseline
target joints in subjects from Kids A-LONG. Target joint recurrence
remained low in the post-resolution period (Table 4); only 5% of
evaluable previously resolved target joints in subjects from A-LONG/
ASPIRE and no evaluable resolved target joints in pediatric subjects

recurred over a median follow-up of 3.7 years.

3.4 | Analysis of subjects within the highest ABR
quartile in Year 1

3.4.1 | Subjects

The 23 A-LONG subjects who were enrolled in ASPIRE, remained on
IP and were within the highest ABR quartile (which equaled ABR >4)
during Year 1 were analyzed in a subgroup analysis (Supplementary
Table S10). For these subjects, median (range) cumulative duration
of treatment during A-LONG and ASPIRE was 4.3 (2.7-5.8) years.

Median (range) number of exposure days for this population was
398.0 (197.0-730.0) days, with 405.0 (197.0-741.0) injections.

3.4.2 | Annualized factor consumption and ABR
Median annualized prophylactic consumption was similar during the
first year of treatment in A-LONG (n = 23, 4,634 1U/kg), compared to
prestudy annualized prophylactic consumption (n = 20, 4,696 1U/kg),
and remained stable to the end of ASPIRE (n = 23, 4,666 1U/kg). From
first dosing interval in A-LONG to the last dosing interval in ASPIRE,
11 of 23 (47.8%) subjects who remained in the IP arm maintained their
twice weekly dosing interval or lengthened their dosing interval to
every 4 or 5 days. Twelve subjects reduced their dosing interval
slightly, from twice weekly to every 3 days.

Overall ABR (median) decreased at Year 1 of treatment (5.1)
compared with prestudy ABR (16.0), and further decreased in the last
year of ASPIRE (1.2). Reductions were also observed in the subpop-
ulation of subjects on prestudy prophylaxis (n = 20); the overall ABR
(median) was 12.0 prior to A-LONG, 5.6 at Year 1 and 1.1 at the last
year of ASPIRE (Supplementary Table S11).
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3.4.3 | Joint health

All evaluable pre-existing target joints (n = 55) were resolved from
A-LONG baseline to final follow-up. The mHJHS data were only
available for 11 subjects at A-LONG baseline. The mean (SD) mHJHS
score at baseline for these subjects was 32.9 (20.4), with a mean (SD)
improvement of —3.9 (12.1) points (P = .3096) at the last mHJHS

assessment.

4 | DISCUSSION

This is an extensive analysis of final data from phase 3 pivotal (A-
LONG and Kids A-LONG) and extension (ASPIRE) studies in adult and
pediatric subjects who had severe hemophilia A treated with rFVIIIFc
for up to 5 years. The longitudinal analysis reported here represents
the longest duration of EHL rFVIIIFc follow-up to date, and [21]
together with post hoc sub analyses, confirms the long-term safety and
efficacy of rFVIIIFc prophylaxis for preventing all types of bleeds over
time in subjects with severe hemophilia A across all age groups.

The primary pooled longitudinal analysis of subjects from A-
LONG and Kids A-LONG demonstrated consistently low ABRs and
stable factor consumption with prophylactic rFVIIIFc throughout
Years 1 to 5 of treatment. Improvements in ABR over time could be
explained by the very high compliance rates and long-term follow-up
reported with the prescribed rFVIIIFc prophylactic regimens in this
study. Indeed, treatment compliance is paramount to long-term joint
health, which may be facilitated by EHL factor replacement products
[22-24].

Consistent with the primary pooled analysis, the subgroup that
remained on rFVIIIFc IP up to Year 5 (A-LONG) or Year 4 (Kids A-
LONG) showed stable on-study median factor consumption and
dosing intervals. Median ABR was low and remained low throughout
the study period. Interestingly, pharmacokinetic data confirmed a
wide variation in baseline half-life within this subgroup. This may have
implications for trough factor levels and risk of spontaneous joint
bleeds over time among subjects. However, findings from this study
indicate variations in rFVIIIFc half-life had minimal or no impact on
clinical outcomes described above.

In joint health analyses, sustained improvements in mHJHS/HJHS
were demonstrated over a median follow-up of 3.7 years. A-LONG
subjects who received prestudy on-demand treatment had a greater
change in mHJHS over time compared with those who received pre-
study prophylactic treatment. This is an anticipated finding that re-
flects the difficulty in demonstrating significant changes in joint
function over time in a group of subjects on long-term prophylaxis
with low ABRs, which requires a large sample size or very long follow-
up. The statistically significant improvements in swelling over time
observed for the overall population and subpopulation of subjects
who received on-demand treatment may be attributed, at least in part,
to the improved hemostatic efficacy that rFVIIIFc offers over SHL

products in relation to its reduced clearance and thus greater bleed
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TABLE 4 Summary of target joint recurrence for evaluable
resolved target joints in subjects from A-LONG and Kids A-LONG
studies.

Parameter Total

Subjects from A-LONG

Resolved target joint with >6-mo follow-up 222 (94.9)
post-resolution, n (%)?
Target joint recurrence after resolution, n (%)° 11 (5.0)

Post-resolution follow-up per target joint 32.5 (22.6-49.7)

(months), median (IQR)
Subjects from Kids A-LONG

Resolved target joint with >6 mo follow-up 9 (100)
post-resolution, n (%)?
Target joint recurrence after resolution, n (%)° 0 (0.0)

Post-resolution follow-up per target joint (mo) 38.7 (37.3-39.0)

?Percentage based on number of resolved target joints.

bPercentage based on number of resolved target joints evaluable for
recurrence. Target joint was defined as a single major joint (eg, hip,
elbow, wrist, shoulder, knee, and ankle) in which >3 bleeds had occurred
within a consecutive 6-month period. Target joint resolution was <2
spontaneous bleeds in the target joint over a consecutive 12-month
period. Target joint recurrence was >3 spontaneous bleeds in a single
joint within a consecutive 6-month period after target joint resolution.
Evaluable target joints were target joints with >12 months follow-up and
no surgical intervention within 12 months since the start of follow-up.
Evaluable resolved target joints were target joints with >6 months
follow-up post-resolution.

protection at similar factor consumption [25]. Although these findings
are promising, a question that remains is how to define a clinically
important or minimally important difference in HJHS/mHJHS. Such
data are often limited in the context of clinical trials, which therefore
highlights an important area for future research.

Target joint subgroup analysis showed sustained low target joint
ABRs and resolution of almost all target joints present at pivotal study
baseline, with 5% and 0% of target joint recurrence of resolved target
joints in A-LONG/ASPIRE and Kids A-LONG/ASPIRE subjects,
respectively. The development of target joints, which indicates sub-
optimal protection against joint bleeds, negatively impacts the quality
of life in patients with hemophilia A, especially individuals aged >45
years [26]. Joint bleeds are understood to be the primary cause of pain
experienced in hemophilia and thus prove an important outcome for
pain management [27]. The data presented here show that prophy-
laxis with rFVIIIFc was able to resolve >99% of preexisting target
joints in adults (A-LONG), and all target joints in children (Kids A-
LONG). Furthermore, over a median follow-up of 3.7 years, target
joint recurrence was rare in adults and did not occur in pediatric
subjects. As such, rFVIIIFc prophylaxis demonstrated valuable effects
that could improve the quality of life for patients with hemophilia,
especially pain. Indeed, a post hoc analysis of data from A-LONG
showed that IP with rFVIIIFc improved pain from baseline to the end
of study [27].

The clinical benefits of rFVIIIFc prophylaxis were also observed

over time in the subgroup in the highest ABR quartile during Year 1 of

rFVIIIFc IP. Continued improvements were observed over a median
follow-up of 4.3 years in ABR, target joint resolution, and mHJHS,
without increasing factor consumption and injection frequency.
Despite most subjects in this population receiving prestudy prophy-
laxis, substantial improvements in ABRs were observed with rFVIIIFc
during Year 1, which were further reduced to levels comparable with
the overall study population by the final assessment.

Primary data from A-LONG, Kids A-LONG, and ASPIRE showed
that rFVIIIFc prophylaxis was well tolerated in previously treated
adults and children, with no reports of subjects developing inhibitors
or treatment-related serious AEs [12-14]. This is consistent with data
that show rFVIIIFc to be well tolerated in previously untreated pa-
tients [15]. EHL products aim to provide improved hemostatic pro-
tection to patients with hemophilia, with the potential to offer
increased treatment flexibility and a reduced dosing frequency to
meet individual needs [6,28]. Compared with SHL products, EHL
rFVIIIFc can increase protection by providing higher factor trough
levels for a longer duration between injections (area under the curve),
without increasing the dosing frequency, or equally, achieve similar
protection but with fewer injections [7,8,25]. Previously reported data
from A-LONG and Kids A-LONG showed that dosing frequency
reduced with rFVIIIFc prophylaxis compared with prestudy dosing
interval in subjects who received prestudy FVIII prophylaxis [7,14].
Here, we demonstrated that the dosing intervals from the pivotal
studies were subsequently maintained throughout the follow-up
period. Improved bleed protection was also offered by rFVIIIFc, as
evidenced by the much lower on-study vs prestudy ABRs [29].

The Joint Outcome Study and Joint Outcome Continuation study
found that even low joint ABRs which are not clinically evident can
lead to joint damage [4,30], highlighting the importance of preventing
joint bleeds and starting prophylaxis before their occurrence. How-
ever, standard prophylaxis does not provide complete joint protection
in severe hemophilia A and joint disease may occur in adolescents
despite early prophylaxis [1,4]. There is potential for rFVIIIFc pro-
phylaxis to help address this need; this longitudinal analysis clearly
demonstrated that prophylaxis with rFVIIIFc provided sustained low
target joint ABRs in subjects with severe hemophilia A. For A-LONG
subjects, improvement in overall ABRs was observed regardless of
prestudy treatment. This was most notable for subjects receiving IP,
who experienced very low bleeds across all ABR types. In Kids A-
LONG subjects, who had lower ABRs at baseline compared with adult
subjects and received on-study IP, there was a similar improvement in
ABRs regardless of prestudy treatment. Median spontaneous joint
ABRs were also sustained at low levels across IP and WP treatment
groups throughout the study period. Notably, at each 6-month efficacy
period in A-LONG/Kids A-LONG and ASPIRE, at least 70% of subjects
on IP, across all ages, experienced zero spontaneous joint bleeds. It
should be noted that comparisons with other EHL FVIII replacement
products are limited by heterogenous study designs [31].

A key strength of the post hoc analyses reported here includes the
ASPIRE study design, which approximated real-world clinical practice
with individualized dosing regimens, included the option to switch

treatment regimens, and had dosing flexibility across most treatment
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groups. Furthermore, data from up to 5 years follow-up are reported.
However, the data collection and analyses in this study are subject to
several limitations. The study design for A-LONG and Kids A-LONG
lacked randomization and blinding, meaning that it was not possible to
minimize allocation and experimenter bias. Further, comparison be-
tween treatment arms was not permitted by the studies due to dis-
crepancies between patient populations. A-LONG and Kids A-LONG
were also not sufficiently powered to detect differences between
treatment regimens. Additionally, SHL rFVIIl products were not
included as a relevant comparator and control.

Given the rarity of hemophilia A, post hoc analyses were limited by
small sample sizes. Additionally, the analyses were retrospective in
nature and were thus limited by the information available from the
physician and patient data available. For example, it would be inter-
esting to investigate the characteristics of patients with zero bleeds,
such as factor level activity and genotype, compared with those who
experienced bleeds during the study. Although such data were not
available for the current analysis, this could provide an area of po-
tential future research. Moreover, although HJHS/mHJHS are well
studied, future studies could consider supplementing these results
with objective outcome measures of joint health, such as musculo-
skeletal ultrasound (eg, Hemophilia Early Arthropathy Detection with
Ultrasound [32]). A further limitation is that while trough FVIII levels
were monitored in the IP cohort to guide prophylactic dosing, trough
levels were not captured as an endpoint in the pivotal and extension

studies and were therefore not available for analysis.

5 | CONCLUSION

Long-term prophylaxis with efmoroctocog alfa (rFVIIIFc) clearly
demonstrated sustained clinical benefits, including improved joint
health and low ABR with maintained low consumption and long dosing
intervals, in previously treated subjects of all ages who had severe
hemophilia A and were included in pooled longitudinal and subgroup

analyses of phase 3 pivotal and extension studies.
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