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A recombinant fusion protein linking
coagulation factor IX (FIX) with human
albumin (rIX-FP) has been developed to
facilitate hemophilia B treatment by less
frequent FIX dosing. This first-in-human
dose-escalation trial in 25 previously
treated subjects with hemophilia B
(FIX = 2 1U/dL) examined the safety and
pharmacokinetics of 25, 50, and 75 IU/kg
rIX-FP. Patients in the 50-lU/kg cohort
underwent a comparative pharmacokinet-
ics assessment with their previous FIX

product (plasma-derived or recombinant).
No allergic reactions or inhibitors were
observed. Four mild, possibly treatment-
related adverse events were reported. In
the 50-1U/kg cohort (13 subjects), the mean
half-life of rIX-FP was 92 hours, more than
5 times longer than the subjects’ previous
FIX product. After 25 or 50 IU/kg rIX-FP
administration, the baseline-corrected
mean FIX activity remained elevated at
day 7 (7.4 1U/dL and 13.4 IU/dL, respec-
tively) and day 14 (2.5 IU/dL and 5.5 IU/dL,

respectively). The incremental recovery
of rIX-FP was higher than both recombi-
nant and plasma-derived FIX (1.4 vs
0.95 and 1.1 IU/dL per 1U/kg, respectively).
These results demonstrated both the safety
and improved pharmacokinetics of rIX-FP,
thus indicating this new product with ex-
tended half-life as possibly able to control
and prevent bleeding with less frequent
injection. The trial was registered at www.
clinicaltrials.gov as no. NCT01233440.
(Blood. 2012;120(12):2405-2411)

Introduction

Hemophilia B, a deficiency of clotting factor IX (FIX), is a rare,
X-linked congenital disorder that results in impaired hemostasis
and manifests with frequent spontaneous bleeding episodes in
joints, muscles, and soft tissues, and more rarely, life-threatening
hemorrhages.! Recurrent hemarthroses result in progressive joint
damage and the development of painful and debilitating hemo-
philic arthropathy.> Replacement therapy with FIX products,
manufactured from plasma (pdFIX) or more recently by recombi-
nant technology (rFIX), is presently used to control and prevent
bleeding episodes.>* Prophylaxis is currently considered optimal
care for patients with severe hemophilia® because it reduces the
incidence of all bleeding episodes and, when initiated at a very
young age, also reduces the risk of arthropathy development.®
Nevertheless, currently available FIX products have a relatively
short half-life of ~ 18 hours’; therefore, 2 or 3 intravenous
infusions per week are required to achieve effective bleeding
prevention. As a life-long condition, some barriers to adherence to
prescribed therapy have been identified in patients with hemo-
philia, including difficulties with the venous access, lack of
compliance with therapy, and social and family stresses.® In this
respect, pediatric patients are particularly challenging because they
should start prophylaxis early when peripheral veins are often not
adequate for repeated injections. In this setting, indwelling cath-
eters have been used to facilitate frequent dosing. However, the
burden of complications associated with these devices may jeopar-

dize the general outcome of prophylaxis and the quality of life of
these children and their family members.® Thus, a recombinant FIX
product with an extended plasma half-life (t;;,) that would allow
fewer injections to achieve and maintain hemostasis with either a
prophylactic regimen or on-demand therapy is highly desirable.!0-12

Recombinant fusion protein linking coagulation FIX with
albumin (rIX-FP) is manufactured in Chinese hamster ovary cells,
by genetic fusion of human recombinant albumin to the C-terminus
of rFIX via a cleavable linker. The short linker peptide is derived
from an endogenous FIX sequence involved in FIX activation,
enabling in vivo cleavage of activated FIX from the albumin carrier
moiety when required during physiologic blood coagulation.!?
Albumin has been selected as the ideal fusion partner because it is
the most abundant plasma protein and is a natural carrier molecule
that is inherently inert to the immune system. Furthermore,
albumin has a very long half-life of ~ 20 days, and its metabolism
is well known. Albumin has also been widely used as a protein
stabilizer in commercial pharmaceuticals.!* Moreover, recombi-
nant albumin has been successfully fused to several therapeutic
proteins, including insulin, hirudin, and interferon.'>-!7 Thus, the
albumin fusion technology for extending the half-life of FIX takes
advantage of the biologic characteristics of albumin while at the same
time allows physiologic function of an unchanged wild-type FIX.

In animal studies, rIX-FP in both rats and monkeys was well
tolerated with no findings suggesting local, systemic toxicity, or
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thrombogenic risk at doses up to 500 IU/kg. Intravenous adminis-
tration of rIX-FP to FIX-deficient mice revealed a significant
dose-dependent reduction of total blood loss, time to hemostasis,
and activated partial thromboplastin time.'3

We report the results of the first-in-human dose-escalation study
carried out in previously treated subjects with hemophilia B to assess
the safety of rIX-FP. In addition, the pharmacokinetics (PK) of this
new product was extensively evaluated in comparison with the PK
properties of the subjects’ previously used FIX products.

Methods

Study subjects

The criteria for subject selection were based on the draft “Guideline on the
Clinical Investigation of Recombinant and Human Plasma-Derived Factor
IX Products” by the Committee for medicinal products for human use.!8
Patients were previously treated (= 150 exposure days to FIX products)
males with hemophilia B (FIX activity = 2 IU/dL) and ages 12-65 years.
Patients with a history of neutralizing antibodies (inhibitors) to FIX, a
CD4" lymphocyte count < 200/mm? or coagulation disorders other than
hemophilia B were excluded from participation. Patients were recruited
from 16 sites in 6 countries (Austria, France, Germany, Israel, Italy, and
Spain). All subjects provided written informed consent. The study was
approved by independent ethics committees of all participating centers and
was conducted in accordance with good clinical practice and the Declara-
tion of Helsinki. The trial was registered at www.clinicaltrials.gov as no.
NCT01233440.

Trial design

The trial was a first-in-human prospective, multicenter, open-label, dose-
escalation study to evaluate the safety and PK of 25, 50, and 75 IU/kg
rIX-FP in subjects with hemophilia B. Twenty-five subjects were enrolled to
ensure at least 13 evaluable subjects in the 50-IU/kg dosing group, and at
least 4 evaluable subjects in both the 25- and 75-IU/kg rIX-FP dosing
groups. All subjects received rIX-FP in a nonbleeding state and after a
washout period of at least 4 days from their last dose of the previous FIX
product. If a subject experienced a non-life-threatening hemorrhage after
screening, he had to be treated with his previous product, and then rIX-FP
infused at least 2 weeks after the bleeding episode resolved. Dosing of the
next dose cohort commenced after review of the day 28 safety data from the
first 4 subjects by the Data Review Committee. Patients were permitted to
participate in up to 2 rIX-FP dosing cohorts on a voluntary basis,
independently on the results of the first arm and with a wash-out period of at
least 14 days between rIX-FP doses. Inhibitor testing at day 28 was
performed at least 4 days after the last dose of his previous FIX product.

Patients in the 50-IU/kg cohort also received a single dose of their
previously used commercially available product, either pdFIX or rFIX, for
PK assessment. The subjects received 50 IU/kg of previous FIX product
either before or after rIX-FP administration, and a washout period of at least
4 days after the infusion of the previous FIX product or at least 14 days after
the rIX-FP infusion was required.

All bleeding events that occurred during the study were treated with the
subjects’ previous FIX product. All subjects on prophylaxis at study entry
received their previous FIX products according to the same dosing regimen
in the period between completion of PK assessment and end-of-study visit
(= 28 days after the last rIX-FP administration).

Trial objectives and endpoints

The primary objective of the study was to assess the safety of intravenous
administration of rIX-FP. Safety was determined by evaluating the fre-
quency of adverse events, occurrence of inhibitors against FIX, antibody
development against rIX-FP, local tolerability, physical examination, vital
signs, urinalysis, and laboratory changes (hematology, biochemistry,
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D-dimer, prothrombin fragment 1 + 2 [F; 4;], thrombin-antithrombin
complex) over time.

The secondary objective of the study was to evaluate the PK parameters
after a single intravenous dose of 50 IU/kg rIX-FP. Additional objectives of
the study were to evaluate the PK parameters of rIX-FP at 25 and 75 IU/kg
and compare PK parameters of rIX-FP with the previous FIX product
(either pdFIX or rFIX) at 50 IU/kg. PK parameters were based on FIX
activity and FIX antigen levels; these were baseline-corrected using the
predose concentration of FIX activity and antigen, respectively.

Blood samples for measurement of FIX activity and antigen were collected
before dosing rIX-FP and at 30 minutes, 3, 6, 24, 48, 72, 120, 168 (day 7),
240 and 336 hours (day 14) after infusion. Blood samples for analysis of
FIX activity of previous FIX products were collected before dosing and at
30 minutes, 1-3, 8-12, 20-26, and 32-48 hours after infusion. All PK
parameters were calculated using the actual collection times, according to
International Society for Thrombosis and Haemostasis recommendations.!?2

Analytical methods

FIX activity was measured using a validated 1-stage clotting method.
Briefly, the test samples were mixed with equal amounts of FIX-depleted
plasma and tested by in vitro determination of activated partial thromboplas-
tin time using Pathromtin SL (Siemens Healthcare Diagnostics) as activator
reagent, rIX-FP activity determination was performed using the Behring
Coagulation System. The results were interpreted using a reference curve,
which was prepared from standard human plasma calibrated by the
manufacturer against WHO standard (International Blood Coagulation
Factors 11, VII, IX, X human plasma) for FIX, and the results are reported in
international units per decaliter of norm or international units. rIX-FP and
previous FIX product activity was measured with the same assay in
accordance with the World Health Plasma FIX standard (99/826) to
facilitate comparison of PK parameters. Therefore, 1 TU of rFIX or pdFIX is
equivalent to 1 IU of rIX-FP. In addition, FIX antigen was measured using a
validated ELISA assay (Affinity Biologicals).

Inhibitors were titrated by the Bethesda method according to the
Nijmegen modification, a coagulation assay based on in vitro determination
of activated partial thromboplastin time in human citrated plasma. A
result = 0.6 Bethesda units was defined as a positive result.

A tiered approach to immunogenicity testing for rIX-FP was used
during the study. Antibodies to rIX-FP were tested in all subjects before
rIX-FP exposure and 4 weeks after exposure. A direct binding ELISA assay
was used to detect 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 (Bene-
FIX) and albumin.

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

Pharmacokinetic analysis and statistical methods

The number of subjects included in the analyses was not based on a formal
statistical assessment but aimed at providing descriptive data on the safety
and PK profile of rIX-FP in accordance with the recommendations in the
CHMP Guideline on the clinical investigation of recombinant and human
plasma-derived FIX products (July 2009). Subjects were included in the PK
analysis if they had more than 1 postdose PK sample drawn with no sample
quality issues as reported by the central laboratory and who did not receive
any FIX product for the treatment of a bleed during the PK sampling period.
The PK analysis was performed by standard noncompartmental analysis for
both rIX-FP and previous FIX products using WinNonlin software
(Pharsight). PK parameters included: area under the curve to the last sample
with quantifiable drug concentration (AUC,); area under the curve from
the time of dosing extrapolated to infinity, based on the last observed FIX
concentration (AUC.j,); maximum observed FIX concentration (Cy.y);
incremental recovery (IRyp30 minutes) according to the formula Csp minutes
(IU/dL)/dose (IU/kg); terminal half life (t;,); total body clearance, normal-
ized to body weight (CL); volume of distribution based on the ty,
normalized to body weight (Vz); volume of distribution at steady state,
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Table 1. Patient disposition
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rIX-FP pdFIX or rFIX
25 IU/kg 50 IU/kg 75 IU/kg 50 IU/kg Total
n (%) n (%) n (%) n (%) n (%)
Patients enrolled 9 14 9 15 25
Analysis populations
Safety population 9 (100.0) 14 (100.0) 9 (100.0) 15 (100.0) 25 (100.0)
PK population 7 (77.8) 13(92.9) 8 (88.9) 12 (80.0) 22 (88.0)
Completed study 9 (100.0) 14 (100.0) 9 (100.0) 15 (100.0) 25 (100.0)

Patients were permitted to participate in up to 2 rIX-FP dosing cohorts, and a wash-out period of at least 14 days between doses was required. Seven subjects participated
in more than 1 arm as follows: 3 subjects participated in the 25-IU/kg and 50-1U/kg arms, 3 subjects participated in the 50-1U/kg and 75-1U/kg arms, and 1 subject participated in
the 25-1U/kg and 75-1U/kg arms. The safety population included all subjects exposed to rIX-FP. Subjects were included in the PK analysis if they had more than 1 postdose PK
sample drawn with no sample quality issues as reported by the central laboratory and who did not receive any FIX product for the treatment of a bleed during the PK sampling

period.

normalized to body weight (Vss); and mean residence time extrapolated to
infinity (MRT). PK parameters were referred to the declared product
potency.

Results were summarized by dose cohort, and PK analysis of the
previous FIX products summarized separately by product type (rFIX and
pdFIX).

Dose proportionality of several PK parameters, including AUC,,
AUC.ins, and Cppyy, were assessed over 25, 50, and 75 TU/kg rIX-FP by the
power model. In this mixed model, the repeated measure of subject was
included as a random effect to account for subjects who participated in more
than 1 dose cohort. Assuming a linear relationship between the natural log
(In)—transformed parameter and In(dose) term, the estimate of the slope
(along with a 95% confidence interval [CI]) was used to determine the
degree of nonproportionality. If the 95% CI for the slope contained 1, then
dose proportionality was confirmed.

Post hoc analyses were performed to compare the treatment difference
between rIX-FP and the previous FIX products for selected parameters.
Analyses of log-transformed PK parameters were performed using a mixed
model with subject as a random effect and treatment (rIX-FP or previous
FIX), type of previous FIX product (pdFIX or rFIX), and treatment by type
of previous FIX treatment interaction as independent variables. Least
squares means estimates and 95% ClIs were back-transformed to the
original scale to provide ratios of rIX-FP to pdFIX and rFIX, and the 95%
ClIs about these ratios.

The safety end points were summarized using descriptive statistics,
including all subjects exposed to rIX-FP (safety population).

Drug product

rIX-FP is a single-chain glycoprotein with a molecular weight
of ~ 125 000 Da, synthesized in Chinese hamster ovary cells. The manufac-
turing and formulation do not include the addition of excipients from
animal or human origin.! rIX-FP is a highly purified recombinant fusion
protein linking recombinant human coagulation FIX with recombinant
human albumin by a short, cleavable linker derived from an endogenous
FIX sequence involved in FIX activation. The linker is cleaved from the
fusion protein by the same enzymes, such as coagulation factor XIa or
factor VIla/tissue factor, which activate FIX during the process of blood
coagulation, removing the albumin moiety. rIX-FP was supplied as a
lyophilized sterile formulation intended for intravenous injection in single-
use vials of 500 and 1000 IU/vial, and was reconstituted with 2.5 mL sterile
water for injection.

Results
Study subjects

A total of 26 subjects were screened. Twenty-five subjects were
enrolled, and 1 subject was withdrawn from the study before
rIX-FP dosing because of screening failure (severe bleeding event).
All subjects completed the study 28 days after the last rIX-FP

infusion. Patient demographics were similar across dose groups;
the subject population was predominantly white (96%) with a
broad age range from 15 to 58 years (mean, 35 years; median,
31 years). One subject was younger than 18 years. Table 1 summarizes
subject participation in the PK studies according to rIX-FP dose
and prior FIX product type. Seven subjects were included in
2 rIX-FP cohorts; 3 received 25 and 50 IU/kg rIX-FP, 1 received
25 and 75 IU/kg rIX-FP, and 3 received 50 and 75 IU/kg rIX-FP.
In addition, 15 subjects received a single dose of 50 IU/kg of
their previous FIX product, either pdFIX (n =15) or rFIX
(BeneFIX, n = 10).

Safety

rIX-FP was well tolerated in all subjects. There were no hypersen-
sitivity reactions. None of the subjects developed inhibitors to FIX
or antibodies to rIX-FP after rIX-FP administration. When the other
safety-related parameters were assessed before and after rIX-FP
exposure, no unexpected findings, no dose-related trends in
markers of activation of coagulation (thrombin-antithrombin com-
plex, F1 + 2 and D-dimer), and no clinical signs or symptoms of
thrombosis were observed.

Of the 25 subjects exposed to rIX-FP, 13 (52%) reported
22 treatment-emergent adverse events after rIX-FP administration.
All adverse events were reported as mild in severity except one
(abdominal pain), which was considered moderate and unrelated to
rIX-FP treatment. Four adverse events (mild headache, feeling hot
50 minutes after injection, mild constipation, and mild erythema at
the injection site), which resolved on the same day without
treatment, were reported in 3 subjects and considered to be possibly
related to rIX-FP treatment.

There were a total of 18 bleeding events in 12 subjects (48%)
during the study. Of these, 9 spontaneous hemorrhages were
reported in 6 subjects: 2 occurred in 1 subject on day 14 (mouth
bleed) and day 15 (joint bleed) after a single dose of 25 IU/kg
rIX-FP, after FIX activity had returned to baseline levels. The
remaining 7 spontaneous hemorrhages occurred either during the
screening period (n = 3) or during the safety follow-up period
between completion of PK assessment after administration of
previous FIX product and day 28 (n=4). No spontaneous
hemorrhages occurred during the 14-day PK period in subjects
receiving 50 or 75 IU/kg rIX-FP.

Pharmacokinetics

Fourteen subjects participated in the PK assessment of 50 [U/kg
rIX-FP and 50 IU/kg of their previous FIX products. One subject
participated in the PK of 50 IU/kg of his previous FIX product and
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Table 2. Baseline-corrected FIX activity and antigen in plasma after a single dose of rIX-FP and previous FIX product

rIX-FP

Previous FIX

25 1U/kg (n = 7) 50 U/kg (n = 13)

75 1U/kg (n = 8)

FFIX: 50 IU/kg (n = 8) pdFIX: 50 IU/kg (n = 4)

30 min
FIX activity 40.70 (5.58) 67.31 (13.72)
FIX antigen 36.93 (7.66) 69.15 (34.59)
48 h
FIX activity 25.67 (7.24) 37.62 (8.17)
FIX antigen 29.40 (15.76) 25.63 (17.00)
168 h
FIX activity 7.41 (3.87) 13.41 (2.91)
FIX antigen 8.98 (4.49) 9.56 (5.73)
336 h
FIX activity 2.50 (2.66) 5.54 (2.00)
FIX antigen 2.63 (2.29) 4.61 (2.96)

81.91 (14.20)
99.23 (22.53)

47.26 (11.90)
35.68 (22.69)

54.80 (9.89)
53.62 (40.58)

45.81 (8.34)
44,54 (12.30)

5.96 (1.07)
3.41 (3.08)

5.45 (1.61)
7.35 (9.11)

17.39 (4.46) = =
14.02 (7.26) = =

6.01 (2.45) — —
7.80 (4.41) — _

— indicates not applicable.

Mean (SD) plasma FIX activity levels and FIX antigen levels at defined time points after a single dose of rIX-FP. Mean plasma FIX activity levels and FIX antigen levels at
defined time points are also presented for previous FIX products (50 1U/kg rFIX or pdFIX).

75 1U/kg of rIX-FP. Overall, 18 subjects participated in PK
evaluation of either 25 or 75 IU/kg rIX-FP (Table 1). Four subjects
were not included in the rIX-FP PK population because of either
requiring on-demand treatment with FIX (n = 2) or errors in the
collection of sample dates/times that could not be reconciled
(n = 1), or issues with sample quality (n = 1).

The baseline-corrected FIX activity and antigen concentrations
measured in the PK population at selected time points after
25 IU/kg, 50 IU/kg, and 75 IU/kg of rIX-FP and 50 IU/kg of rFIX
and pdFIX are reported in Table 2. The mean FIX concentration
was higher than the baseline level in all rIX-FP dose cohorts at the
end of the sampling period (after 14 days). At this final time point
(336 hours), the baseline-corrected FIX activity was ~ 5 IU/dL
after a dose of 50 IU/kg rIX-FP, similar to the FIX trough level
measured 48 hours after 50 IU/kg of either rFIX or pdFIX (Table
2). Figure 1 shows the mean baseline-corrected FIX activity
concentrations versus time of 50 IU/kg rIX-FP, rFIX, and pdFIX.
The mean baseline-corrected FIX activity concentrations versus
time of 25, 50, and 751IU/kg rIX-FP are reported in Figure
2, demonstrating that FIX trough levels > 5 IU/dL were main-
tained at 168 hours (day 7) and a FIX activity of 2 IU/dL was still
measurable at 336 hours (day 14) in the lowest dose cohort.

PK parameters for rIX-FP in the 3 dose cohorts and previous
FIX products at 50 IU/kg were evaluated by noncompartmental
analysis, and the results are summarized in Table 3. The albumin

590 4
80 T

70 4

60

FIX Activity {IU/dL)

fusion technology extended the half-life of FIX, with a single dose
of 50 IU/kg rIX-FP exhibiting a mean t;, of ~ 92 hours and a slow
CL of 0.75 mL/hr per kg.

PK parameters for rIX-FP were compared with the previous
FIX products (pdFIX and rFIX) in the subset of subjects receiving
both 50 IU/kg rIX-FP and previous FIX products (Table 4). There
was a significant difference in the mean IR(30 minues> t1/2> AUCo.ings
CL, MRT, and Vz of rIX-FP compared with recombinant FIX. In
addition, the mean 1IR30 minutes> t1/2, AUCq.inr, CL, and MRT were
significantly different compared with plasma-derived FIX. The
mean incremental recovery of rIX-FP was 29% higher compared
with pdFIX and 44% higher compared with rFIX. The mean t/, of
rIX-FP was 5.8 or 5.3 times longer compared with the pdFIX or
rFIX product, respectively. There was an ~ 7-fold difference in
mean AUC and CL of rIX-FP compared with rFIX and an ~ 6-fold
difference compared with pdFIX. The Vz of rIX-FP was ~ 28%
lower compared with rFIX but similar to pdFIX.

The dose proportionality of several baseline-corrected PK
parameters, including AUC,, AUCq s, and C,,,x Were assessed over
25, 50, and 75 IU/kg rIX-FP by visual examination, which showed an
approximately dose-proportional increase. Exploratory statistical analy-
ses were performed using the power model to further characterize this
relationship. An approximately dose-proportional increase in AUC,
over the 3 doses was observed, with an estimated slope of 0.86 (95% CI,
0.679-1.041) based on FIX activity. For AUC. ;s and C,,,y, the

== 50 |U/kg riX-FP {n=13)
=50 |U/kg rFIX (n=8)

e 50 1U/kg pdFIX (n=4)
=== 5% trough

Figure 1. Linear plot of baseline-corrected FIX activ-
ity level after the infusion of 50 IU/kg of rIX-FP and

previous FIX product (PK population). Mean FIX
activity levels of 50 IU/kg rIX-FP, 50 IU/kg rFIX, and

Hours

254 288 312 336 50 IU/kg pdFIX were measured in international units per
decaliter. Vertical bars represent SD. A horizontal dotted
line represents the 5-IU/dL FIX activity level.
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Figure 2. Linear plot of baseline-corrected FIX activ- 90
ity level after infusion of 25, 50, or 75 IU/kg of rIX-FP -lI
(PK population). Mean FIX activity levels of 25, 50, and 80 '_;.[
75 1U/kg rIX-FP were measured in international units per
decaliter. Vertical bars represent SD. A horizontal dotted 70 i
line represents the 2-1U/dL and 5-lU/dL FIX activity
levels. z 60 1
5 s 251U Sk rIX-FP (n=7)
; 50 == 50 1U/kg rIX-FP (n=13)
£ a0 ¢ e 75 1U/kg rI%-FP (n=8)
; === 5% trough
& 3o
------- 2% trough
20
10 4 "
0 K ) ¥
0 312 336

results indicated estimated slope of 0.71 (95% CI, 0.607-0.803)
and 0.65 (95% CI, 0.482-0.818), respectively, based on FIX
activity. All parameters calculated from FIX antigen levels were
dose proportional over the dose range, with an estimated slope
(B) in the power model of 0.959, 0.901, and 0.811 for AUC_,,
AUC 1, and Cyyy, respectively.

Discussion

Prophylactic regimens currently used to prevent bleeding in severe
hemophilia B patients consist of intravenous infusions of FIX
products 2 or 3 times per week; this treatment modality usually
improves the quality of life of patients. However, the implementa-
tion as well as long-term maintenance of such a treatment regimen,

Hours

because of the relatively short half-life of commercially available
FIX products, are often demanding for patients and their families.
The leading reasons for poor adherence to the prescribed prophylac-
tic treatment regimen or skipping the administration are forgetful-
ness, lack of time for treatment, and convenience, particularly in
patients on high-intensity regimens.® A recombinant FIX product
with a prolonged half-life would have the potential to dose less
frequently, to prevent the occurrence of breakthrough bleeding with
a less frequent prophylaxis regimen, and to provide effective
on-demand treatment for patients with this life-long, debilitating
bleeding disorder. To improve adherence to treatment and decrease
the burden on patients, a recombinant fusion protein linking
coagulation FIX with human albumin (rIX-FP) has been devel-
oped, taking advantage of albumin fusion technology. As human

Table 3. PK parameters after a single dose of rIX-FP and previous FIX product according to noncompartmental analysis

rIX-FP Previous FIX

Parameter (unit) baseline-corrected 251U/kg (n =7) 50 IU/kg (n = 13) 75 1U/kg (n = 8) rFIX (n = 8) pdFIX (n = 4)
AUCq.in, h x IU/dL

Mean 4192.42 7089.87 8995.24 976.76 1086.55

SD 1627.90 1622.83 1757.80 164.82 207.65
Cimax, IU/dL

Mean 41.14 69.28 82.04 47.26 54.80

SD 5.33 13.00 14.27 11.90 9.89
IR, IU/dL per IU/kg

Mean 1.653 1.376 1.084 0.945 1.096

SD 0.19 0.28 0.19 0.24 0.20
Half-life, h

Mean 104.71 91.57 98.82 17.23 14.59

SD 55.08 20.74 17.48 2.28 1.73
CL, mL/h per kg

Mean 0.73 0.75 0.87 5.24 4.76

SD 0.46 0.19 0.17 0.85 1.08
Vz, mL/kg

Mean 91.6 95.0 123.1 130.6 98.7

SD 435 20.3 28.3 29.9 14.9
Vss, mL/kg

Mean 85.4 91.6 119.4 132.5 99.1

SD 242 15.0 27.0 34.1 15.5
MRT, h

Mean 136.00 127.03 138.13 25.13 21.13

SD 47.27 22.66 20.69 3.72 2.49

n indicates number of subjects; AUC.ins, area under the curve from the time of dosing extrapolated to infinity, based on the last observed FIX concentration; Cmax, maximum
observed FIX concentration; IR, incremental recovery according to the formula Cgg minutes (IU/dL)/dose (IU/kg); CL, plasma clearance; Vz, volume of distribution based on the
t12, normalized to body weight; Vss, volume of distribution at steady state, normalized to body weight; and MRT, mean residence time extrapolated to infinity.
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Table 4. Comparison of baseline-adjusted PK parameters based on FIX activity in 50 1U/kg rIX-FP, pdFIX, and rFIX

rIX-FP/ rIX-FP/
rIX-FP rFIX rFIX 95% 95% rIX-FP pdFIX pdFIX 95% 95%

PK parameter (n=8) (n=28) ratio lower CI upper Cl P (n=4) (n=4) ratio lower CI upper Cl P
AUC.ins h X IU/dL 7142 965 7.40 6.27 8.74 .0001 6661 1070 6.23 4.93 7.87 < .0001
IR, 1U/dL per IU/kg 1.82 0.92 1.44 1.25 1.65 .0002 1.40 1.08 1.29 1.06 1.57 .0145
Half-life, h 89.88 17.10 5.26 4.20 6.59 .0001 84.73 14.51 5.84 4.25 8.03 < .0001
CL, mL/h per kg 0.71 5.18 0.14 0.12 0.16 .0001 0.74 4.67 0.16 0.12 0.20 < .0001
MRT, h 128.87 24.90 5.17 4.29 6.24 .0001 116.83 21.01 5.56 4.26 7.25 < .0001
Vz, mL/kg 0.92 1.28 0.72 0.59 0.87 .0037 0.90 0.98 0.92 0.70 1.21 513

The estimated means, ratio of treatment differences, and 95% ClI about the ratios are presented for rIX-FP compared with rFIX and to pdFIX as matched pairs. One subject
from rIX-FP 50-1U/kg PK population was excluded from the analysis because of the lack of evaluable PK results for the previous FIX product resulting from the occurrence of a

bleeding event.

albumin is an abundant plasma protein and does not act as a trigger
for the immune system, it is an optimal partner to extend the
half-life of coagulation factors. The unchanged recombinant FIX is
fused to recombinant human albumin via a novel cleavable linker
derived from the activation peptide of native FIX. The expressed
fusion protein increases the circulating half-life of FIX and on
activation of FIX during the physiologic blood coagulation albu-
min is removed through simultaneous cleavage of the linker. This
study is proof of concept that rIX-FP effectively extended the
circulating half-life of FIX in humans. Interestingly, the half-life in
humans was even longer than the half-life that was previously
measured in animal models."?

This first-in-human trial has demonstrated an excellent safety
profile of rIX-FP. None of the subjects experienced thrombotic
events or hypersensitivity reactions, the latter having previously
been reported for both pdFIX and rFIX products.*!%2! Further-
more, no inhibitors or non-neutralizing antibodies to FIX or
albumin developed after rIX-FP exposure(s) in these previously
treated subjects.

The hemostatic efficacy of coagulation factors is strictly related
to their plasma concentration; thus, PK parameters are generally
considered as important surrogate endpoints of efficacy of replace-
ment therapy in hemophilia.'® Coagulation factor PK has important
implications also with respect to prophylactic treatment because
observational data supported the concept that the longer a patient
spends with a low factor level the higher the risk of bleeding.?22?

In this light, the PK results of this phase 1 study with rIX-FP in
25 subjects with hemophilia B provide data that are of clinical
interest. There was a 29% or 44% higher IR after infusion of
50 IU/kg rIX-FP compared with pdFIX or rFIX, respectively. The
most outstanding features of rIX-FP are the prolonged circulation
in plasma as shown by the long MRT and t,, (> 5-fold compared
with the subjects’ previous FIX products, at 50 IU/kg); the reduced
CL; the small Vz, and the greater AUC (7-fold difference compared
with previous FIX).

The relatively low IR seen with rFIX is dramatically
improved, when comparing rIX-FP with rFIX, suggesting that
the flow from plasma compartment to the extravascular space is
more similar to the in vivo behavior of FIX. This is true not only
just after the bolus administration but also for the entire decay
curve, as indicated by a low Vss. The very low clearance, 16% and
14% of pdFIX or rFIX, respectively, should reduce the need for
continuous or repeated bolus administration to maintain measur-
able trough levels > 5 [U/dL.

In this phase 1 trial with rIX-FP, the timing of PK assessment
was prolonged up to 336 hours, as it was difficult to define a priori
when FIX levels might return to baseline. The findings of higher
than background, baseline-corrected trough levels of FIX 168 and
336 hours after rIX-FP administration (13.4 IU/dL and 7.4 IU/dL,

respectively, for 50 IU/kg) are of great clinical interest. In addition,
the corresponding high values of AUC ;¢ are promising evidence
for the potential to prolong the time interval between rIX-FP
infusions and will be evaluated in future clinical trials.

To date, maintaining an adequate trough level is considered to
be an important determinant of breakthrough bleeding,?2?? al-
though other PK parameters (ie, AUC and peak levels) may also
play a role under certain conditions. It is noteworthy that PK
implications in the management of FIX prophylaxis are still
theoretical because specific data are scanty in this clinical setting.
In addition, the risk of bleeding may depend on other factors, such
as lifestyle, physical activity, injuries, joint status, individual
susceptibility, and response to replacement therapy; all these
factors are already taken into account with individual dose tailoring
and treatment optimization.

This study demonstrated the clinical safety and improved PK
properties of a novel rFIX product, rIX-FP, which may permit
prophylaxis with fewer intravenous injections per month. It may
also permit a single injection to achieve and maintain hemostasis in
the treatment of bleeding episodes. In addition, rIX-FP may also be
able to provide and maintain high FIX trough levels, thus changing
the patient’s bleeding phenotype from severe to mild. Two larger
clinical studies are currently underway to evaluate these anticipated
improvements in the clinical care of hemophilia B.
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