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Introduction: rIX-FP is a coagulation factor IX (recombinant), albumin fusion protein with more than fivefold
half-life prolongation over other standard factor IX (FIX) products available on the market. Aim: This
prospective phase II, open-label study evaluated the safety and efficacy of rIX-FP for the prevention of bleeding
episodes during weekly prophylaxis and assessed the haemostatic efficacy for on-demand treatment of bleeding
episodes in previously treated patients with haemophilia B. Methods: The study consisted of a 10-14 day
evaluation of rIX-FP pharmacokinetics (PK), and an 11 month safety and efficacy evaluation period with subjects
receiving weekly prophylaxis treatment. Safety was evaluated by the occurrence of related adverse events, and
immunogenic events, including development of inhibitors. Efficacy was evaluated by annualized spontaneous
bleeding rate (AsBR), and the number of injections to achieve haemostasis. Results: Seventeen subjects
participated in the study, 13 received weekly prophylaxis and 4 received episodic treatment only. No inhibitors
were detected in any subject. The mean and median AsBR were 1.25, and 1.13 respectively in the weekly
prophylaxis arm. All bleeding episodes were treated with 1 or 2 injections of rIX-FP. Three prophylaxis subjects
who were treated on demand prior to study entry had >85% reduction in AsBR compared to the bleeding rate
prior to study entry. Conclusion: This study demonstrated the efficacy for weekly routine prophylaxis of rIX-FP
to prevent spontaneous bleeding episodes and for the treatment of bleeding episodes. In addition no safety issues
were detected during the study and an improved PK profile was demonstrated.
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Introduction

Prophylaxis is currently considered as the optimal care
for patients with severe haemophilia [1] since it
reduces the incidence of all bleeding episodes and
when initiated at a young age, also reduces the devel-
opment of arthropathy [2-4|. The half-life of standard
FIX products is approximately 18 h, which requires 2
or 3 intravenous (IV) infusions per week to achieve
effective bleeding prevention. This relatively high
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frequency of infusions makes it difficult to adhere to
the prescribed treatment, especially for patients with
poor venous access [5-7]. Thus, a recombinant FIX
product with an extended plasma half-life (#,;) that
would allow fewer injections to achieve and maintain
haemostasis with either a prophylaxis regimen or
on-demand therapy is highly desirable [8-11].

Coagulation factor IX (recombinant), albumin
fusion protein (rIX-FP) is manufactured in Chinese
Hamster Ovary (CHO) cells, by genetic fusion of
human recombinant albumin to the C-terminus of
rFIX via a cleavable linker. The short linker peptide,
derived from an endogenous FIX sequence involved in
FIX activation, enables in vivo cleavage of activated
FIX from the albumin carrier moiety when required
for coagulation [10,12,13].

In a previous phase I study, the pharmacokinetics
(PK) of a single dose of rIX-FP were evaluated and
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showed favourable PK parameters compared to
marketed products [14]. rIX-FP has a 5.3-fold longer
half-life, the sevenfold reduced clearance (CL), and
the sevenfold greater AUC compared to previous FIX
products, and a single dose of 50 TU kg™' provided
baseline-corrected trough levels of 13.4% and 7.4%
FIX activity at 7 and 14 days respectively. Maintain-
ing an adequate trough level is considered to be an
important determinant of preventing break-through
bleeding [15,16], though other PK parameters, includ-
ing AUC and peak levels, may also play a role.

The present trial aimed to evaluate the efficacy of
rIX-FP for the prevention of bleeding episodes during
weekly prophylaxis and assess haemostatic efficacy for
treatment of bleeding, in addition to assessing safety
and PK of rIX-FP.

Materials and methods

Patients

Criteria for subject selection were based on the draft
Guideline on the clinical investigation of recombinant
and human plasma-derived FIX products [17].
Patients were previously treated (>150 exposure days
[EDs] to FIX products) males with haemophilia B
(FIX activity < 2%) and aged 12-65 years. Patients
with a history of neutralizing antibodies (inhibitors) to
FIX, a CD* lymphocyte count <200 mm~* (if HIV
positive) or with a coagulation disorder other than
haemophilia B were excluded from participation.
Patients were recruited from two sites in two countries
(Israel and Bulgaria). All patients (or the patient’s par-
ents or legally acceptable representative) provided
written informed consent prior to any trial-related
activities. The study was approved by independent
ethics committees, and was conducted in accordance
with Good Clinical Practice (GCP) and the Declara-
tion of Helsinki. The trial was registered at www.clin-
icaltrials.gov: NCT01361126.

Trial design

This trial was a prospective, open-label study to evalu-
ate safety, PK and efficacy of rIX-FP, which is being
developed for prophylaxis and treatment of bleeding
episodes in patients with haemophilia B. The study
consisted of a 10-14 day evaluation of rIX-FP PK,

and a 3-5 month safety and efficacy evaluation
period, which was extended up to 11 months to allow
subjects to receive continuous treatment until enrol-
ment in the subsequent study of rIX-FP (see Fig. 1).
Subjects receiving weekly prophylactic treatment were
initially treated with 30 4+ 5 IU kg™ '. The dose could
be adjusted based on bleeding phenotype, physical
activity level and clinical outcome, while maintaining
a 7-day treatment interval and individualized trough
FIX activity level. No individual target trough FIX
level was established a priori. All bleeding episodes
which occurred during the treatment period of the
study were treated with rIX-FP. For treatment of a
bleeding episode, the dose was based upon subject’s
PK profile, WFH guidelines and local standard of care,
with a minimum dose of 25 TU kg™" rIX-FP. All sub-
jects self-administered rIX-FP treatment for both rou-
tine prophylaxis and treatment of bleeding episodes,
and were recorded by subjects in an electronic diary.

The primary objective of the study was to evaluate
the long-term safety of IV injections of rIX-FP. Safety
was evaluated by nature and incidence of adverse
events (AEs), changes in laboratory values and devel-
opment of inhibitors against FIX or non-neutralizing
antibodies against rIX-FP.

The secondary objectives of the study were to evalu-
ate PK parameters following a single IV dose of
25 TU kg~ ' rIX-FP, clinical response of weekly routine
prophylaxis with rIX-FP with respect to the preven-
tion of bleeding episodes and clinical response of
bleeding episodes treated with rIX-FP.

The numbers of infusions to achieve haemostasis
were tabulated to determine efficacy of rIX-FP for the
treatment of bleeding episodes. Investigators also rated
the efficacy of treatment of bleeding episodes on a pre-
specified 4-point scale, taking into account both num-
ber of infusions and subject-reported pain relief after
treatment. Efficacy of routine prophylaxis was mea-
sured by the number of spontaneous bleeding episodes
occurring during prophylaxis, displayed as an annual-
ized bleeding rate.

Analytical methods

Factor IX activity was measured using a validated
one-stage clotting method using Pathromtin SL (Sie-
mens Healthcare Diagnostics, Marburg, Germany) as
activator reagent, rIX-FP activity determination was

) End of
Period: Screening PK Treatment study
1 1 1
Upto  '10to 14
Duration: 30 days days Up to 11 months
. | On-demand treatment |
. . L Subject 1IX-FP
Fig. 1. Study design. Schematic diagram of the Flow: Screening M| pr [
trial design, including time periods, duration and : | Prophylaxis treatment |
subject flow. PK, pharmacokinetics.
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performed using the Behring coagulation system. The
results were interpreted using a reference curve,
prepared from standard human plasma calibrated to
the WHO standard for FIX, and the results are
reported in per cent of norm or International Units.

Inhibitors were titrated by the Bethesda method
according to the Nijmegen modification [18], a coagu-
lation assay based on in vitro determination of acti-
vated partial thromboplastin time (aPTT) in human
citrated plasma. A result >0.6 BU was defined as a
positive result.

A tiered approach to immunogenicity testing for
rIX-FP was employed. Antibodies to rIX-FP were
tested in all patients before rIX-FP exposure and
4 weeks after exposure. A direct-binding ELISA assay
detected antibodies against rIX-FP; if a positive signal
was obtained, the plasma sample was retested in a
separate direct-binding ELISA assay to confirm the
specific antibody signal and to discriminate between
antibodies against plasma-derived FIX, recombinant
FIX (rFIX) and albumin.

The analyses of FIX activity, FIX antigen, inhibitors
and antibodies against rIX-FP were performed in the
central laboratory at CSL Behring, Marburg, Ger-
many.

PK analysis and statistical methods

Pharmacokinetic samples were collected prior to dos-
ing rIX-FP and at 30 min, 3, 24, 48, 72, 120, 168,
240 and 336 h after infusion. All PK parameters were
calculated using actual collection times. PK analysis
was performed by standard non-compartmental analy-
sis using WinNonlin® Software (Pharsight: Cary, NC,
USA). PK parameters included: area under the curve
to last sample with quantifiable drug concentration
(AUC,.,); area under the curve from time of dosing
extrapolated to infinity, based on last observed FIX
concentration (AUCq,¢); incremental recovery (IRq_
30 min) according to the formula Cjzo min (IU dL7')/
Dose (IU kg™ '); terminal half-life (¢1,,); total body
CL, normalized to body weight.

Safety endpoints were summarized using descriptive
statistics, including all patients exposed to rIX-FP
(safety population).

Drug product

rIX-FP is a single chain glycoprotein with a molecu-
lar weight of approximately 125 000 Da, synthesized
in CHO cells. The manufacturing and formulation
do not include addition of excipients from animal or
human origin [12]. rIX-FP was supplied as a lyophi-
lized sterile formulation intended for IV injection in
single-use vials of 500 and 1000 IU per vial, and
was reconstituted with 2.5 mL sterile water for injec-
tion.
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Results

Patient characteristics

Seventeen study subjects from haemophilia treatment
centres in Israel and Bulgaria were screened and all
were enrolled in the study. All subjects were Cauca-
sian and non-Hispanic, and ages ranged from 13 to
46 years (mean 26 years). All 13 subjects enrolled in
Israel received weekly prophylaxis treatment with rIX-
FP for the duration of the study (range =37-
48 weeks), and all four subjects enrolled in Bulgaria
received on-demand treatment (ODT) for bleeding epi-
sodes with rIX-FP for the duration of the study
(range = 15-22 weeks). The subject disposition is out-
lined in Fig. 2.

Overall, prophylaxis subjects were younger than on-
demand subjects, and included three subjects younger
than 18 years. Prophylaxis subjects had fewer chronic
hepatitis infections than on-demand subjects, and
reported less joint damage (Table 1).

All subjects had exposure to FIX products prior to
study entry (range = 415-1450). In the prophylaxis
treatment group, three subjects had been receiving
ODT prior to study entry, and 10 subjects were
receiving prophylaxis treatment with FIX products
(2-3 times per week in 80% of the subjects). Those
three subjects previously receiving ODT reported a
much higher mean number of total bleeds in the
12 months prior to study entry than the prior prophy-
laxis subjects (43.3 vs. 5.2). Subjects in the on-demand
group in the study had a mean of 27 total bleeds in
the 12 months prior to study entry.

Pharmacokinetics

Pharmacokinetics of a single dose of 25 TU kg ™' rIX-
FP were assessed at the beginning of the study in 15
subjects who had not previously received rIX-FP. The
mean single-dose PK profile has been previously pub-
lished [19], and the PK parameters were comparable
to those previously reported from the phase I study
[14]. A dose of 25 TU kg~' rIX-FP had a mean incre-
mental recovery of 1.52 IU dL™! per TU kg™' and a
mean half-life of 94.8 h. The mean baseline-uncor-
rected FIX activity at 7, 10 and 14 days were 5.6, 3.9
and 2.9IUdL™' following a single dose of
25 TU kg~ ! rIX-FP.

Safety

rIX-FP was well tolerated in all subjects. The duration
of treatment ranged from 259 to 335 days for prophy-
laxis subjects, and from 105 to 155 days for on-
demand subjects, with subjects receiving prophylaxis
participating in the study longer than on-demand sub-
jects (mean = 315 vs. 131 days) due to the timing of

© 2015 CSL Behring. Haemophilia published by John Wiley & Sons Ltd.
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Table 1. Patient demographics and medical history.
Prophylaxis treatment On-demand treatment Total
N=13 N=4 N=17
Age, years, mean (min—-max) 23.2 (13-42) 35.8 (27-46) 26.1 (13-46)
<18 years, 1 (%) 3(23.1) 0 3(17.6)
Weight, kg, mean (min-max) 64.1 (36.0-83.8) 75.7 (62.4-93.0) 66.8 (36.0, 93.0)
Race
White 13 (100.0) 4 (100.0) 7 (100.0)
Previous exposure days to factor IX, mean (SD) 861.9 (353.61) 662.5 (131.50) 815 0 (323.46)
Total bleeds 12 months prior to study entry, mean (SD) 14.0 (17.97) 27.0 (3.37) 17.1 (16.63)
Spontaneous bleeds 12 months prior to study entry, mean (SD) 9.2 (14.73) 27.0 (3.37) 13.4 (15.02)
Prior treatment
Prophylaxis, 7 (%) 10 (76.9) 0 10 (58.8)
On-demand, 7 (%) 3(23.1) 4 (100.0) 7 (41.2)
HIV, n (%) 0 0
HBV, n (%) 1 (25.0) 1(5.9)
HCV, n (%) 3(23.1) 2 (50.0) 5(29.4)
Haemophilic arthropathy, 7 (%) 5(38.3) 4 (100.0) 9(52.9)
Synovitis, 7 (%) 3(23.1) 0 3(17.6)

Min, minimum; max, maximum; 7, number of patients.

enrolment into the subsequent study. There were a
total of 718 EDs to rIX-FP, with a mean of 51.5 EDs
to rIX-FP in the prophylaxis subjects and 12 EDs to
rIX-FP in on-demand subjects. Nine prophylaxis sub-
jects achieved at least 50 EDs during the study.

None of the subjects developed inhibitors to FIX or
antibodies to rIX-FP following rIX-FP administration.
There were no hypersensitivity reactions. There were no
significant treatment-emergent findings in any safety-
related parameters during the course of the study.

A total of 14 (82.4%) subjects reported 46 treat-
ment-emergent AEs, none of which were considered

© 2015 CSL Behring. Haemophilia published by John Wiley & Sons Ltd.

related to rIX-FP by the investigator (Table 2). All
AEs were mild or moderate in severity. There were no
serious AEs reported, and there were no withdrawals
due to AEs. The most frequent classes of AEs were
musculoskeletal disorders [7 (41.2%) subjects, 17
events|] and injuries [seven (41.2%) subjects, nine
events].

Efficacy

Treatment of bleeds. Seven (53.8%) prophylaxis sub-
jects and four (100%) on-demand subjects treated

Haemopbhilia (2015), 21, 784-790
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Table 2. Overview of treatment emergent AEs.

fIX-FP, N (%) E

On
Prophylaxis demand Total
Number of subjects 13 4 17
AE leading to study 0 0 0
withdrawal

Serious AEs (SAEs) 0 0 0
Any AEs 13 (100.0) 45 1 (25.0)1 14 (82.4) 46
Severity of AEs

Mild 13 (100.0) 42 1 (25.0)1 14 (82.4) 43

Moderate 2(15.4)3 0 2(11.8) 3

Severe 0 0 0
AEs related to rIX-FP 0 0 0

rIX-FP, coagulation factor IX (recombinant), albumin fusion protein; N,
number of subjects with AEs; AE, adverse events.

spontaneous bleeding episodes. During the study, a
total of 85 bleeding episodes were treated with rIX-
FP. All bleeding episodes were successfully treated
with one (95.3%) or two (4.7%) doses of rIX-FP dur-
ing the study (Fig. 3a). All subjects were initially
assigned a treatment dose of 30-35 TU kg™! (mean of
33 1U kg™ ') rIX-FP as prescribed by the protocol. The
mean treatment dose for subjects in on-demand arm
(all from Bulgaria) was 28 IU kg™~!, while the mean
treatment dose for subjects in the prophylaxis arm (all
from Israel) was 62 IU kg~ '. Nevertheless, bleeding
episodes requiring a single dose of rIX-FP were similar
between on-demand and prophylaxis subjects, 97.3%
and 93.6% respectively. There were four bleeds
requiring two doses of rIX-FP to achieve haemostasis.
An additional five bleeds were treated with a single
dose of rIX-FP, followed by the scheduled prophylaxis
dose of rIX-FP within 30 h of the treatment dose.

The majority of infusions received a rating of excel-
lent or good (96.5%) by the investigator in response
to rIX-FP treatment. There were three bleeding epi-
sodes, the treatment of which received a moderate rat-
ing; these bleeds all resolved with one or two
infusions, and the time to the first rIX-FP treatment
was delayed more than 8 h after the start of the bleed.
While subjects were encouraged to treat a bleed imme-
diately, 16.4% of bleeds were treated more than 8 h
after the start of the haemorrhage, and 5.9% more
than 16 h after the start of the haemorrhage (Fig. 3b).

15.3

i

Routine prophylaxis. All prophylaxis subjects were
assigned a dose based on the individual subject’s PK,
activity level and bleeding phenotype. The subjects
maintained weekly routine prophylaxis with mean dose
of 55 TU kg~ rIX-FP, which was 63% of their previous
weekly FIX consumption. Approximately, half of the
prophylaxis subjects (46%, six subjects) did not have
any spontaneous bleeding episodes for the 11-month
duration of the study. Seven prophylaxis subjects
reported 14 spontaneous bleeds during the prophylaxis
portion of the study and two spontaneous bleeds
occurred at the end of the PK period. Four of the seven
subjects reporting spontaneous bleeds had a history of
haemophilic arthropathy or synovitis in the joint; the
remaining three subjects were all adolescents, two of
whom were receiving only ODT prior to study entry.

Annualized bleeding rate. Overall, prophylaxis sub-
jects reported fewer spontaneous bleeding episodes
than the subjects receiving ODT only. On-demand
subjects receiving rIX-FP for ODT (ODT-ODT) had a
mean AsBR of 21.74 bleeds per year (Fig. 4a), a 20%
reduction compared to their historical AsBR. Prophy-
laxis subjects who received rIX-FP for prophylaxis
(PT-PT) had a mean AsBR of 1.26 (Fig. 4a). The pro-
phylaxis and on-demand subjects who received rIX-FP
during the study (PT-PT and ODT-ODT, respectively,
Fig. 4b) had a similar ABR for traumatic bleeding epi-
sodes. The mean total ABR (spontaneous and trau-
matic) during the study was 4.35 and 28.8 for
prophylaxis and on-demand subjects, respectively.

In the prophylaxis treatment group, ten subjects
received routine prophylaxis prior to study entry (PT-
PT), and reported approximately 50% higher mean
historical AsBR in the 12 months prior to study entry
than with rIX-FP weekly prophylaxis (Fig. 4a). Three
subjects in the prophylaxis treatment group received
ODT only prior to study entry (ODT-PT). These
ODT-PT subjects reported a much higher historical
mean AsBR of 31.7 in the 12 months prior to study
entry than the PT-PT subjects (Fig. 4a). After starting
weekly prophylaxis with rIX-FP, ODT-PT subjects
had a mean AsBR of 1.56 (Fig. 4a) per year, a 95%
reduction when compared to the historical data. The
total ABR of the ODT-PT subjects was reduced by

Fig. 3. Treatment of Bleeds. (a) The number of
coagulation factor IX (recombinant), albumin
fusion protein (rIX-FP) infusions to achieve hae-
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- between the start of a bleed to the first infusion of
rIX-FP, for all treated bleeds.
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Fig. 4. Annualized bleeding rate for prophylaxis with coagulation factor
IX (recombinant), albumin fusion protein compared to historical bleeding
rate. The mean annualized bleeding rate for spontaneous bleeds are shown
in (a) and for all bleeds are shown in (b). The annualized bleeding rate for
each patient was calculated as the number of bleeds during the time in the
treatment period of the study in days, divided by 365.25. The historical
bleeding rate for each patient was the number of bleeds in the 12 month
period prior to study entry. PT, prophylaxis treatment; ODT, on-demand
treatment.

83% to 7.3 bleeds per year with rIX-FP prophylaxis
treatment (Fig. 4b). The total ABR of the ODT-PT
subjects after having received rIX-FP was higher than
the overall prophylaxis treatment group (PT-PT,
Fig. 4b) due to a higher rate of traumatic bleeding epi-
sodes. However, traumatic bleeds were still reduced in
the ODT-PT population by approximately 50% dur-
ing prophylaxis treatment with rIX-FP, compared to
the 12 months prior to study entry (5.8 vs. 11.3).

Discussion

Albumin fusion technology has been shown to be a
very attractive technology to extend the half-life of
coagulation factors, as human albumin is an abundant
plasma protein and does not act as a trigger for the
immune system. In the present study, there were no
hypersensitivity reactions or development of inhibitors
to FIX or antibodies to rIX-FP after over 700 repeated
exposures to rIX-FP among 17 study subjects, nine of
which achieved at least 50 EDs.

rIX-FP was very effective in the treatment of bleed-
ing episodes, with haemostasis achieved after a single
dose 95% of the time, and all bleeds effectively treated
with one or two doses. This compares favourably to

© 2015 CSL Behring. Haemophilia published by John Wiley & Sons Ltd.

treatment with BeneFIX, which has been reported to
effectively treat 81% of bleeds with a single dose in a
clinical trial in previously treated patients [20]. While
there was a big difference in the rIX-FP dose used to
treat bleeds from the two study centres, there is no
apparent correlation between the dose of rIX-FP used
and the number of treatments needed to achieve hae-
mostasis. All of the prophylaxis subjects were assigned
the same dose of rIX-FP for the treatment of bleeding
episodes, as for weekly prophylaxis; this was done for
patient convenience and to ensure patients utilized full
vials, as decided by the treating physician. The differ-
ence in assigned rIX-FP doses for the treatment of
bleeds may be the result of multiple factors, including
the prophylaxis treatment status, the bleeding pheno-
type of the patient and local standard of care. Never-
theless, the study results indicated that the lower dose
of rIX-FP was equally effective for the treatment of
bleeding episodes. On-demand subjects also showed a
20% reduction in AsBR compared to their historical
AsBR, suggesting that rIX-FP may prevent some spon-
taneous bleeding episodes in haemophilia B patients
receiving ODT. Due to the small number of patients
treated on demand in this study, additional data are
needed from the phase III trial.

All prophylaxis subjects maintained weekly treat-
ment interval for prophylaxis with rIX-FP, with excel-
lent compliance, for 11 months during the study. The
ABR of these subjects on weekly prophylaxis was less
than their previous ABR when receiving prophylaxis
1, 2 or 3 times weekly with plasma-derived or recom-
binant FIX. Three subjects who were not receiving
prophylaxis treatment prior to study entry had an
83% reduction in the total ABR compared to their
reported ABR while on ODT. Remarkably, one of
these three subjects had no spontaneous bleeding epi-
sodes during the study. While this is an extremely
small sample size, switching from on demand to
weekly prophylaxis treatment of rIX-FP dramatically
reduced the bleeding rate for these subjects.

Eleven subjects in the prophylaxis arm and all four on-
demand subjects continued their treatment with rIX-FP
in the next phase of the clinical program of rIX-FP. The
majority of prophylaxis subjects (10/11) switched to pro-
phylaxis intervals of 10 and 14 days (five each) at a dose
of 70-75 TU kg™'. All four on-demand subjects have
switched to weekly prophylaxis at 36-38 TU kg~ for
over a year, and then switched to once every 14 days at
75 TU kg~ '. This proof of concept study demonstrated
that a less frequent prophylaxis treatment regimen is
possible and effective with the extended half-life pro-
vided by rIX-FP. In addition, rIX-FP provided effective
ODT for patients with this lifelong, debilitating bleed-
ing disorder. The excellent PK, efficacy and safety profile
may make rIX-FP an excellent choice for long-term once
weekly to 14 days routine prophylaxis in patients with
haemophilia B.
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